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1. INTRODUCTION 
Most of the theoretical and empirical research in behavioural genetics has been 
conducted on humans. However, understanding the animal behaviour, perso-
nalities and genetics behind these traits helps us understand the questions that 
are difficult to answer relying only on studies that focus on humans. Animal 
models provide the advantage of longitudinal research where personality can be 
more easily recorded and/or manipulated (Gosling et al., 2001). Personality is 
considered in this study as a persistent individual variation in behaviour that 
stays stable in different situations and environments over time (see also Carere 
and Maestripieri, 2013). A better understanding of animal personalities could 
therefore give valuable insight into the evolution of human behaviour and 
behavioural disorders, help to see the differences in vulnerability to stress in 
various environments and shed light on the causes of consistent behavioural 
differences between individuals. Most of the behavioural traits are at least partly 
heriditary, affect life-history traits and are subject to natural selection. Different 
behaviours do not evolve in isolation, but often in relation to each other which 
could generate trade-offs limiting behavioural plasticity and affect fitness (Sih 
et al., 2004). Behavioural traits are also a part of a complex system that involves 
the nervous system, neurotransmitters and genes. So far, research on beha-
vioural genetics has mainly concentrated on the effect of dopamine, a neuro-
transmitter that is linked with novelty-seeking and serotonin, as well as harm 
avoidance and anxiety (Comings et al., 2000; Dalley and Roiser, 2012; Savitz 
and Ramesar, 2004). In the following sections, the effects of these neuro-
transmitters on behaviour is described more precisely. 
Dopamine is involved in the brain’s reward system, motor activity, cognition 
and also affects the release of other hormones and neurotransmitters (Neve et 
al., 2004). Alterations in dopamine transmission are related to Parkinson’s 
disease, addiction and schizophrenia in humans (Howes and Kapur, 2009; 
Lawford et al., 2006). There are at least five subtypes of dopmaine receptors in 
humans (D1–D5) (Reif and Lesch, 2003). These receptors vary by their affinty 
to dopamine and regulate dopamine signaling in the brain (Neve et al., 2004). 
The dopamine receptor D1 shapes locomotor activity in rats (Rubinstein et al., 
1997; Dulawa et al., 1999) while the D2 and D3 receptors are also partly related 
with prolactin and estrogen pathways and shape parental care (Sealfon and 
Olanow, 2000). The dopamine receptor D4 is related to many behavioural 
disorders in humans (Munafò et al., 2008) and motivational or exploratory 
behaviours in other animals (mainly in birds) (Fidler et al., 2007; Korsten et al., 
2010). The D5 receptor is not essential for many dopamine-mediated beha-
viours, but might play a role in the activation of dopaminergic pathways and has 
been shown to play a role in male-female sexual behaviour (Kudwa et al., 2005). 
The serotonergic system is involved in brain development, synaptic plasticity 
and also functions as a behavioural inhibitor in vertebrates (Reif and Lesch, 
2003). It has been shown that the serotonin system affects a wide range of 
behaviours from anxiety to aggression, cognition, endocrine function, sex and 
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sleep (Hariri and Holmes, 2006). In addition, serotonin modulates the immune 
response as several serotonergic receptors have been studied in lymphocytes, 
monocytes and macrophages which suggests serotonin plays a role in immune 
cell function (Khan and Ghia, 2010). A key regulator in this system is the 
serotonin transporter that is responsible for the reuptake of serotonin from 
synaptic clefts and is widely used to study anxiety-related behaviours (Savitz 
and Ramesar, 2004). These transporters (5-HTT or SERT) are located in 
different parts of the nervous system including the central, peripheral and 
enteric systems. In brain neurons, serotonin amounts to approximately 10% of 
the total amount of serotonin in the body. Most of the serotonin is actually 
present in the enterochromaffin cells in the gastrointestinal tract which contain 
about 90% of the serotonin in the body (Kim and Camilleri, 2000). Even though 
blood platelets do not synthesize serotonin, they possess serotonin transporters 
and carry a high concentration of serotonin from the intestines (Watts et al., 
2012). For instance, in humans and rats, the estimated concentration of 
serotonin in whole blood could be up to 250 ng/ml (Watts et al., 2012). 
As serotonin and dopamine affect several behavioural traits, there is great 
interest in the mechanisms that play a role in the regulation of these neuro-
transmitters. Two main candidate genes have been associated with anxiety and 
novelty-seeking and are related to dopamine and/or serotonin neurotrans-
mission. These are the serotonin transporter gene (SERT) and the dopamine 
receptor gene D4 (DRD4). Early studies (starting from the papers of Ebstein et 
al., 1996 and Lesch et al., 1996) have been followed by a flood of research on 
behavioural genetics concentrating on these two candidate genes. The DRD4 
gene in humans is situated in chromosome 11 (Wang et al., 2004) and is 
expressed in the brain (e.g. in the hippocampus, hyothalamus, substantia nigra 
and prefrontal cortex) (Paterson et al., 1999). This gene is polymorphic in 
humans: variable tandem repeats (VNTRs) are studied in exon 3, the presence/ 
absence of the 7-repeat allele is related to behavioural phenotypes and a single 
nucleotide polymorphism (SNP) in the promoter region is associated with 
variation in gene expression (Munafò et al., 2008; Ronai et al., 2001). This 
VNTR polymorphism in exon 3 is also present in dogs, horses and non-human 
primates, but not in rats (Hejjas et al., 2007; Livak et al., 1995; Momozawa et 
al., 2005). In birds, a single nucleotide polymorphism (SNP) of the DRD4 gene 
is mainly studied in great tits (Parus major) (Fidler et al., 2007).  
Variations in the DRD4 could be associated with novelty-seeking and 
impulsivity both in humans (Munafò et al., 2008) and other animals. Dopamine 
receptor activity in humans is associated with behavioural disorders such as 
addictive behaviour, Parkinson’s disease and schizophrenia (Oak et al., 2000). 
The DRD4 gene affects impulsiveness in dogs (Hejjas et al., 2007), novelty-
seeking in primates (Bailey et al., 2007) and hyperactive behaviour in mice 
(Avale et al., 2004). In birds, the DRD4 gene is one of the most studied when it 
comes to behavioural research, which can be traced back to the paper by Fidler 
and colleagues (2007) whose results indicated that this gene could play a role in 
exploratory behaviour. Later studies also infer that the DRD4 gene affects risk-
taking and exploratory behaviours in different species and populations 
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(Garamszegi et al., 2014; Mueller et al., 2014; Holtmann et al., 2016). Some 
studies have also observed differences in the allelic variation of the DRD4 gene 
under different environmental conditions. For instance, there exists a significant 
difference in the DRD4 gene between urban and rural bird populations (Holt-
mann et al., 2016; Riyahi et al., 2017). However, not all studies have found a 
significant relationship between DRD4 genotypes and behavioural phenotypes 
(Edwards et al., 2015; Korsten et al., 2010; Rollins et al., 2015).  
Genetic variation in the serotonin transporter gene (5-HTT or SERT) regu-
lates the reuptake of serotonin by clearing it from extracellular space (Canli and 
Lesch, 2007). Both in primates and humans a polymorphism in the SERT gene 
forms two different alleles: a short (s) and a long (l) variant (Lesch et al., 1996). 
The presence of the S-allele is related to lower mRNA transcription and an 
increase in an aggressive behavioural response (Lesch et al., 1996; Davidge et 
al., 2004; Retz et al., 2004) but also negative emotions and depression (Caspi et 
al., 2003; Szily et al., 2008). In humans, the SERT gene is situated in chromo-
some 17 which is composed of 14 exonic regions (Murphy et al., 2004). The  
5-HTTLPR (serotonin-transporter-linked polymorphic region) is only present in 
humans and higher non-human primates (Lesch et al., 1997). A relative loss in 
SERT gene functioning leads to changes in stress responsiveness, vulnerablity 
to environmental changes and an increase in anxiety levels both in humans and 
non-human mammals (Hariri and Holmes, 2006). Moreover, in humans SERT 
gene polymorphims affect several psychiatric states ranging in degree from 
depression to suicidal behaviour (Murphy et al., 2008). In mammals it has been 
shown that the SERT gene affects anxiety in mice (Holmes et al., 2003) and 
also the temperament of rhesus monkeys (Champoux et al. 2002). The SERT 
gene in birds has been less widely studied but the results infer that several 
polymorphisms in the gene are the main influence on behavioural traits such as 
impulsiveness, activity, neophobia and flight initiation distance (FID) (Abe et 
al., 2013; Riyahi et al., 2015; Holtmann et al., 2016). Furthermore, a deficiency 
in the serotonergic system of hens (Gallus gallus) is related to aggressive 
behaviour (Flisikowski et al., 2009).  
As the results from previous studies conducted with these candidate genes 
vary across populations and are sometimes contradictory, it is important to 
replicate the behavioural experiments in different populations and environ-
ments. The results from animal populations studied in captivity are often not 
replicated in a natural environment. Replication studies are important in order to 
understand the extent of variation in these behavioural responses and effects of 
the candidate genes underlying these variations. Understanding the effects of 
changing and novel environments on behavioural responses and reproductive 
traits provides an opportunity to understand individual adaptation in various 
situations and the role of genetic polymorphisms behind their behavioural 
variation and breeding success. However, the effects of dopamine and serotonin 
on breeding in birds has not been studied even though both systems could affect 
relationships between behavioural response and reproduction. The dopamine 
system is involved in reward-seeking, motivation and is implicated in sexual 
and pair-bonding behaviours in humans (Eisenberg et al., 2007a; Melis and 
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Argiolas, 1995; Young and Wang, 2004). In addition, polymorphisms in the 
DRD4 gene in humans are associated with sexual desire and arousal (Zion et al., 
2006) and could be related to the season of birth in humans (Eisenberg et al., 
2007b). Serotonin is involved in a wide range of reproductive functions (Berger 
et al., 2009). For instance, this neurotransmitter regulates sexual behaviour 
functions in humans (Hull et al., 2004; Zion et al., 2006) and is involved in 
gonadotropin release in fish (Prasad et al., 2015). Moreover, the serotonergic 
system is important in parenting through its influence on mood and the release 
of oxytocin which modulates affiliative responses to partners and offspring 
(Bakermans-Kranenburg and van Ijzendoorn, 2008).  
This thesis contributes to the research on behavioural genetics with original 
studies conducted in a wild population of great tits. Given that dopamine and 
serotonin affect behavioural responses and are regulated by genetic mecha-
nisms, the main focus of this thesis is to study the effect of two genes (DRD4 
and SERT) on behavioural traits in a wild population during the breeding 
season (I-IV). The behavioural responses were mainly studied in the field and 
concentrated on individual reactions to a novel object or a stressor. The 
behavioural traits studied in the current thesis are more or less related to risk-
taking behaviour and are often described on a bold–shy behavioural axis (Réale 
et al., 2007). Boldness is broadly defined as the willingness to adapt to a degree 
of risk in return for foraging or reproductive benefits (Wilson et al., 1994). A 
bolder individual is more risk-prone, often inspects predators more closely and 
is more eager to explore novel objects. Shy individuals demonstrate more risk-
averse behaviour and inspect potential danger and/or novelty from a distance 
(Wilson et al., 1994). In the past, exploratory behaviour (which includes bold-
ness) in birds was mainly studied as a complex trait (early exploratory beha-
viour) including several responses to novelty (see e.g. Van Oers et al. 2005; 
Drent et al. 2003). In the current study, behavioural traits (different responses to 
novelty or danger) were studied in separate experiments as that enabled us to 
evaluate the effect of candidate genes on behaviour more precisely and provided 
an opportunity to study individual variation in behavioural traits more in depth. 
The behavioural experiments in this thesis were measured using a scale of fear 
responses to various novel objects ranging in threat-level from the camera set-
up to the presence of a potential predator. The tested hypotheses were as follows: 
 
1) Hypothesis I: the behavioural response to novelty in birds is affected by 
the DRD4 gene both in the wild and the aviary (I, III). 
Earlier findings from research on the DRD4 gene in birds have shown 
contradictory results (Korsten et al., 2010; Edwards et al., 2015). There are 
several reasons why replicating results is not always successful. Genetic 
diversity could be reduced by the bottleneck, traits are often complex, and other 
genetic and epigenetic factors can play a role. First, in order to test the 
generisability of former research conducted in the aviary (see e.g. Fidler et al. 
2007; Korsten et al. 2010) where the effect of the DRD4 gene on behaviour is 
present, a field experiment with an unselected population was conducted during 
the breeding season (I). Secondly, as the experiments in the natural habitat and 
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during the breeding season could have a strong impact on individual behaviour, 
similar tests were also replicated in the aviary and before the beginning of egg-
laying to control for the effects of the breeding season and the natural habitat 
(III). To test the hypothesis, individual behaviour in the presence of a novel 
object (camera, small pink box, test room, potential intruder) was studied.  
 
2) Hypothesis II: individual reactions to novel or dangerous situations is 
related to the SERT gene in the wild (II, IV).  
The serotonin transporter gene (SERT) affects stress responsiveness, anxiety 
and individual adaptation to environmental changes (Hariri and Holmes 2003). 
As several polymorphisms in the SERT gene play a role in behavioural 
reactions when facing novelty or stressful situations, it was assumed that 
individual responses to behavioural experiments is also related to this gene. The 
SERT gene has not been widely studied in birds and testing the generalisability 
of previous results is essential. As shown before, a reduction in the SERT 
gene’s functioning strongly affects stress responsiveness and anxiety (Hariri and 
Holmes 2006). Therefore, stressful situations were included in the behavioural 
experiments (facing predator during incubation and entering the trap) in 
addition to experiments with novel objects (camera set-up and pink box).  
 
3) Hypothesis III: differences in DRD4 and SERT genes are related to 
reproductive traits (II, IV). 
Most of the research was conducted during the breeding season of birds in order 
to study the relationship between behavioural responses, genotypic variations 
and reproductive traits. Both dopamine and serotonin systems are good candi-
dates for studying relationships with reproductive traits and behaviour. As beha-
vioural traits shape breeding success through decisions that include the start of 
reproduction, picking a suitable partner and nesting site, it was predicted that 
the genes influencing behaviour could also be either indirectly or directly 
related to reproductive traits. Understanding the relationships between genes, 
behaviour and reproduction enables researchers to study potential selection 
mechanisms in different populations. It could also suggest why certain geno-
types are underrepresented or even missing in some populations.  
 
  
12 
2. METHODS 
2.1 Model species 
In the current study the great tit (Parus major) was used as the model species. 
Great tit behavioural ecology is well known. Its behaviour matches well with 
the patterns described in other bird species and the individuals can be easily 
bred in captivity and is often selected for various behavioural lines (Groothuis 
and Carere, 2005; Verbeek, 1994). This allows manipulating rearing conditions 
both in the aviary and in the wild (as the birds breed in nest boxes) and gives the 
opportunity to study genetic differences, developmental plasticity and the 
functional significance of several aspects of bird behaviour. One advantage of 
using the great tit model is the possiblity to study reproductive traits and their 
correlations with behavioral reactions under natural conditions. This approach is 
not common but is essential to understanding the selection pressures leading to 
maintenance of different behavioral profiles in the same population (Groothuis 
and Carere, 2005). 
The great tit is a small passerine that belongs to the family Paridae. Great 
tits are monogamous territorial birds, distributed all over the Palearctic region 
(Perrins, 1965), that nest in treeholes and artificial nest boxes. In Estonia (the 
study region) the great tit population during the breeding season is estimated to 
be up to 400,000 breeding pairs and during winter around 1 million birds 
overall (Elts et al., 2009). Great tits are the largest representatives of the 
Paridae family in Estonia. Their body length is around 15 cm and their body 
mass around 15–20 grams. The genders can be easily distinguished visually: 
males have bright yellow belly with a bold black stripe in the middle whereas 
females are paler and the middle stripe is narrower or interrupted. 
 Birds start their nest-building in the middle of April. The nest is built in a 
tree cavity or nest box and contains moss at the bottom and is lined with animal 
fur. The brood typically consists of around 6–12 pale pink eggs with rusty spots. 
Sometimes second broods occur in June–July. In the current thesis, only data 
from the first brood has been used. According to our data (I, II, IV) females 
started egg-laying around April 29–30. The mean clutch size was 11 eggs (the 
smallest clutch was 6, and the biggest was 14). Eggs were incubated by females 
for approximately 12 days and the nestlings were fed by both parents until the 
age of 17–21 days (I, II, IV). The greatest danger to nestlings in this study area 
are the spotted woodpeckers (Dendrocopos major), adults of which mainly 
consume a sparrowhawk (Accipiter nisus) diet. 
 Inhabited nest boxes were checked regularly in order to confirm the start of 
egg-laying, clutch size, incubation period, hatching date and the number of 
hatchlings and fledglings. Predated or deserted nests were not included in the 
final analysis. Adults were captured from the nest boxes when the nestlings 
were at least 8 days old (2012 and 2014) in order to avoid the nestlings being 
negatively influenced by the feeding interruption. In 2013 adults were caught 
before the start of egg-laying in the late evening (captured between 21:00 and 
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00:15) for the aviary experiment and released the day after. Adults were 
weighed with a Pesola spring balance (±0.1 g), while the tarsi and wing length 
were measured with sliding callipers (±0.1 mm). All the nestlings from studied 
nest boxes were ringed and weighed. Their tarsi and wings were measured at 
the age of 15 days (right before fledging and leaving the nest box). Blood 
samples from adults (2012–2014) and a pilot sample of nestlings (2016; 
unpublished data) were taken after 10–15 minutes of capture from the brachial 
vein into a heparinized capillary tube. Capillary tubes were centrifuged on the 
same day (10 minutes, 10,621 × G) in order to separate blood cells and plasma 
for hormone (corticosterone) analysis. All the samples were first preserved at –
20 °C, later at –70–80 °C. 
 
 
2.2 Study site 
The behavioural experiments were conducted in southwest Estonia (58° 7′ N, 
25° 5′ E) at the Kilingi-Nõmme study site (Figure 1) during the springs of 2012, 
2013 and 2014. The area (about 50 km2) consists of deciduous (Betula sp, Alnus 
sp and Salix sp) and coniferous (Pinus sylvestris and Picea abies) forest groves. 
The great tits in the study population breed in nest boxes mounted on tree trunks 
at a height of 1.5–1.8 m.  
 
 
2.3 Behavioural studies 
Behavioural traits that are expressed consistently over time and across situations 
in different environments are termed personality or temperament (Groothuis and 
Carere, 2005; Réale et al., 2007). In the current thesis, several behavioural traits 
are studied, namely boldness, risk-taking behaviour, exploration and activity. In 
the current thesis the aforementioned behaviours are viewed together as 
individual response is often a combination of all these behaviours. These are the 
traits that are often correlated with each other and differentiating these 
behaviours could be complicated (Sih et al., 2004). For instance, bold indi-
viduals are usually also more active, take more risks and learn faster, whereas 
shy individuals are not eager to take risks and are less active (Sneddon, 2003). 
The overview of studied behavioural traits measured over the years is presented 
in Table 1. 
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Figure 1: Study area of Estonian (Kilingi-Nõmme) rural great tit population. Nest 
boxes are marked with a dot. Green areas are forests, yellow patches refer to arable 
land. 
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Table 1: Overview of behavioural traits measured in different years. 
Behavioural 
trait 
Mean Standard 
deviation
Year Gene studied Paper/ 
manuscript 
Exploration* 
(females) 
8.35 seconds 7.13 
 
2012 DRD4 Paper I 
Exploration* 
(males) 
8.05 
seconds 
7.19 2012 DRD4 Paper I 
Exploration** 
(both sexes 
combined) 
1.76 
Visits to novel 
object 
2.87 2013 DRD4 Paper III 
Exploration*** 
(females) 
1.13 
(minutes) 
2.14 2012, 
2014 
SERT Paper II 
Exploration*** 
(males) 
1.1 
(minutes) 
2.28 2012, 
2014 
SERT Paper II 
Anti-predator 
behaviour 
(females) 
59.4% of 
individuals 
hissed actively 
 2012 DRD4, SERT Paper IV 
Delay to enter 
trap 
(females) 
4.12 
(minutes) 
6.1 2014 SERT Paper II 
Delay to enter 
trap 
(males) 
4.18 
(minutes) 
6.89 2014 SERT Paper II 
Distress calls 
 
77.6% of 
individuals made 
distress calls 
 2013 DRD4 Paper III 
 
* In 2012 exploration was measured by observing the feeding delay (latency to enter the 
nest box) at the presence of a novel object. The delay measurement started from the 
moment that a bird made visual contact until it entered the nest box (I). 
** In 2013 exploration in the aviary before the start of the egg-laying period was 
studied (III). Visits to the novel object and number of trees visited were observed. 
*** In 2014 exploration was studied by observing the feeding delay (latency to enter the 
nest box) at the presence of a novel object. The delay measurement started from the 
moment that the novel object was placed (II). 
 
 
2.3.1 Anti-predatory behaviour 
At the beginning of the breeding season during incubation, female reaction to a 
potential intruder was observed (2012, IV). A spotted woodpecker dummy was 
placed on the nest box as a potential threat to the eggs and female. The reactions 
to the threat were twofold: about half of the females stayed calm in the nest 
without giving any reaction. The other half reacted to the danger with anxious 
hissing and wing-flapping (IV). Both reactions stayed stable over time (Koosa 
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and Tilgar, 2016) and therefore it was assumed that this behaviour could have a 
genetic background. In this experiment no males were tested as the experi-
mental design required the presence of the bird in the nest box. Still, the males 
do hiss (pers. obs) and could be studied in aviary conditions in the future.  
 
 
2.3.2 Novel object experiments 
In all the experiments, the birds’ entrance into the nest box was videotaped. The 
main experiment was conducted during the feeding period of the nestlings (aged 
7–10 days). In the control phase, the normal feeding rate and reaction to the 
camera set-up in great tits was measured. In the second part of the experiment, a 
novel object was placed on the nest box roof and the changes in the latency to 
the first nest visitation was measured (in 2012 and 2014). In 2012, the latency to 
enter the nest box (i) was measured from the moment that a bird entered the 
sight of the camera and (ii) from the moment of placing the novel object on top 
of the nest box. In 2014, the latency measures started from the moment of 
placing the novel object (pink plastic microtube rack 13.3 × 13.3 × 5 cm) on top 
of the nest box. This behavioural change in the length of feeding interruption 
could reflect individual variations in risk-taking, exploration and/or ability to 
cope with novelty. Similar previous experiments were conducted in the aviary 
conditions where the effect of the DRD4 gene on such behaviour was measured 
(e.g. Fidler et al., 2007). In the third part of the experiment, the effect of the trap 
on the first nest visitation was also studied when the nestlings were older than 
10 days (in 2014).  
 
 
2.3.4 Aviary experiment 
In 2013 an aviary experiment was conducted before the start of the egg-laying 
period (III). The observation room (4.0 × 2.4 × 2.3 m) was adapted from 
Dingemanse and colleagues (2002) with slight modifications (Figure 2). The 
aviary contained five artificial wooden trees. Besides the trees, birds could land 
on the edges of sliding doors, the main door, the camera and the one-way 
observation screen. Along the 4.0 m wall is one sliding door enabling the 
researcher to place the cage next to the aviary and the bird to enter the room. In 
the front is the entrance door and the one-way screen for observation.  
The aviary experiment was conducted in order to exclude the impact of 
breeding activities and the effects from the natural environment on individual 
behaviour. For instance, the number of nestlings could influence parental moti-
vation to return to the nest box. In the aviary experiment (for trial room set-up, 
see Dingemanse et al., 2002 and Figure 2), wild-caught birds were used. Beha-
vioural trials in the aviary were conducted the morning after capture and every 
individual performed two behavioral trials. First, the bird entered the aviary that 
contained artificial trees (novel environment trial) and second, a novel object 
was added to the trial room (pink plastic microtube rack 13.3 × 13.3 × 5 cm) on 
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top of the artificial tree. All behavioural trials were videotaped and the number 
of trees visited, jumps, flights, pecks and calls were recorded (III). Finally, the 
rate of vocalizations made during the release was studied. 
 
 
Figure 2: The set-up of the aviary. 
 
 
2.4 Genotyping 
Two candidate genes were tested: the DRD4 (SNP830) gene and the SERT 
gene where all the SNPs in exonic regions and the promoter region were 
studied. Heritability was not studied as the blood samples from nestlings were 
taken occasionally in some years, but not in others. Also, the epigenetic 
mechanisms such as methylation were not studied.  
For the DNA extraction from blood cells, a commercial kit (Roche High 
Pure PCR Template Preparation Kit 18, Roche, Basel, Switzerland) and the 
Puregene DNA Purification Kit (Qiagen, Hilden, Germany) were used. The 
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quality of the obtained DNA was tested with Nanodrop Nucleic Acid Quanti-
fication and the concentration of received DNA was approximately 1 μg 1 ml–
1. All the samples were sequenced at the Estonian Biocentre where an Applied 
Biosystems sequencing platform is used.  
In the DRD4 gene analysis, the same methods and primer sequences were 
applied from earlier studies (Fidler et al., 2007, I, III). The PCR reaction 
mixture (10 μl) consisted of 1 μl genomic DNA (~10 ng), 5 U/μl recombinant 
Taq polymerase (nucleotides added), 0.2 mM dNTP-s 1× reaction buffer, 2 mM 
MgCl2, 0.8 μM primer and water for the rest. Amplification was performed 
sequentially as follows: 94 °C for 4 min., 30 cycles at 94 °C for 30 s., 61 °C for 
30 s., 72 °C for 40 s. and 72 °C for 4 min. SNP830 has an allele-specific 
restriction place for enzyme Nae I (Pdi I, Fermentas). For RFLP analyses 0.5 μl 
of restriction enzyme, 1× reaction buffer and 3.5 μl water (Fermentas) were 
added into 10 μl of PCR product and incubated for 5 h. at 37 °C (I, III). DNA 
fragments were separated using electrophoresis on a 3% agarose gel for 1 h. at 
140 V. Band profiles were photographed and homozygotes and heterozygotes 
were initially detected by visual observation.  
In the SERT gene analysis (exonic regions) primers were designed for all the 
exonic regions and the promoter area using the great tit genome (Laine et al., 
2015, II). This analysis enables researchers to conduct further analysis with the 
SERT gene as a set of primers for studying SERT gene exonic regions is now 
available (II). Primers for the promoter region were applied from the previous 
study (Riyahi et al., 2015). In all the analyses, the PCR reaction mixture (25 μl) 
consisted of 2 μl genomic DNA, 5 μl recombinant Taq Fire polymerase 
(nucleotides added), 0.5 μl of each primer and water for the rest (17 μl). Ampli-
fication was performed sequentially as follows: 95 °C for 3 min., 38 cycles at 
95 °C for 30 s., 52 °C for 30 s., 72 oC 1 min. (II). After that, samples were kept 
at 72 °C for 4 min.  
The sequences were aligned with the ChromasPro 1.7.6 programme and then 
visually examined for polymorphisms. The presence of polymorphic regions 
was confirmed on both forward and reverse sequences. Construction of haplo-
types followed the DNAsp programme (Librado and Rozas, 2009) and the 
linkage disequilibrium data was analysed with the DNAsp 5.10 programme and 
with an online calculator (Rodriguez et al., 2009). 
 
 
2.5 Hormone analysis  
For the corticosterone analyses, the Correlate EIA kit (Cat No 900-097, 
EnzoLifeSciences, Assay Designs, USA) was used to measure plasma CORT 
levels (III, see details in Tilgar et al., 2016). Plasma dilution and the concent-
ration of the steroid displacement buffer (SDB) were optimized and validated 
for measuring great tits: 1.5% of SDB (10 lL 1: 100 SDB, which equals 0.15 lL 
of raw SDB) was added to 10 lL of raw plasma (III). All standards and samples 
were analysed in duplicate (III). 
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2.6 Statistical analysis 
In statistical analysis both Statistica 8.0 and R (version 3.1.2) were used (for 
details, see I–IV). For testing the Hardy-Weinberg equilibrium, Chi-square tests 
were used. Three different models were used to cover allelic and genotypic 
effects. The general genetic model includes three distinct genotype categories in 
the analysis. In the additive model, genotypes are coded as continuous pre-
dictors and each additional copy of the variant allele increases the response. In 
the over-dominant model, heterozygous individuals are tested against homozy-
gous individuals and genotype categories are coded as heterozygotes versus 
homozygotes.  
If the data was not normally distributed, the transformations were used (e.g. 
logarithm; see I–IV for details) in order to meet normality assumptions of 
residuals. If the the variance was much larger than the mean, a GLZ with 
negative binomial distribution was applied (O’Hara and Kotze, 2010, I, III). 
General linear models (GLM), generalized linear models (GLZ) and linear 
mixed-effect models (LMM) were used in the studies (I–IV).  
 
 
2.7 Ethics of the experiments 
The experiments conducted in the current thesis comply with the laws of 
Estonia and are approved by the Animal Procedures Committee of the Estonian 
Ministry of Agriculture and by the Estonian Department of Environment with 
following licences: 
1. Licence no 11 
 Licence to ring birds, permission granted by Estonian Environmanetal Board. 
2. Licence no 100 
 Granted permission to collect blood samples from great tit nestlings and 
adults. This research complied with the licence by not exceeding the number 
of sampled individuals and volume of blood samples taken from birds. 
Permission was granted by the Animal Procedures Committee of the 
Estonian Ministry of Agriculture. 
3. Licence no 108 
 Permission to conduct behavioural experiments was approved by the Animal 
Procedures Committee of the Estonian Ministry of Agriculture. The studies 
complied with the conditions stated in the licence. 
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3. RESULTS 
The DRD4 gene polymorphism in the Estonian great tit population (I, III) 
All the DRD4 exon 3 SNP830 genotype frequencies were in the Hardy-
Weinberg equilibrium (sample sizes: CC = 39, CT = 56 and TT = 16) in 2012 
(I). The low numbers of TT genotyped individuals corresponded with previous 
studies (e.g. Fidler et al., 2007). While comparing the genotype frequencies in 
2012–14, the CC homozygote showed lower numbers in 2013 and 2014 than in 
2012 (Figure 3). Still, the genotype frequencies met the Hardy-Weinberg 
equilibrium in 2013 and 2014 (N2013: CC = 6; CT = 42; TT = 36; N2014: 
CC = 12; CT = 68; TT = 24), (I, III + unpublished data from 2014). 
 
 
Figure 3: DRD4 SNP830 frequencies in Estonian rural (Kilingi-Nõmme) population 
over three years (2012–2014). CC and TT are homozygotes, CT is heterozygote. 
 
 
The SERT gene polymorphisms in the Estonian great tit population (II, IV) 
Alongside the DRD4 gene, the serotonin transporter gene (SERT) was studied. 
Altogether 13 exonic regions and the promoter area of the great tit chromosome 
19 from serotonin transporter region were analyzed (II). Out of these, 9 
significantly polymorphic regions (SNPs) were found, present in the promoter 
region and exons 1, 3 and 8 (see Table 2, modified from Paper II). Other exonic 
regions in the current population were monomorphic. The three SNPs studied 
are synonymous (Table 2), while the rest of the polymorphisms were non-
synonymous and their behaviour could be influenced by changes in amino acids 
(Table 2). Allele frequencies of the SERT gene polymorphisms in the current 
population tended to stay similar over two years (2012 and 2014). However, 
some of the SNPs were constantly not in the Hardy-Weinberg Equilibrium 
(Table 2). Violation of HWE indicates that some genotypes are constantly 
missing in both years.  
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The number of significantly polymorphic SNPs in the SERT gene varies 
between different geographic populations. Riyahi and colleagues (2015) found 
more polymorphic SNPs in the promoter area of the same gene in a Spanish 
great tit population than the present study. Therefore, a pilot study (from 2016, 
unpublished data) was conducted where the allele frequencies of the SERT 
gene SNP234 (promoter region) were studied in rural and urban populations 
both in adults and nestlings (Figure 4). In Estonia, this particular SNP is 
polymorphic in the urban population (Tartu). However, in rural population 
(Kilingi-Nõmme) almost no variance among nestlings and adults was found. 
 
Table 2, adapted from Paper II: Alleles, protein coding and minor allele frequency 
(MAF) of each SNP for the SERT gene in the Kilingi-Nõmme population over 2 years 
(2012, 2014). Population sample size: [232]: 111 individuals (2012) and 121 individuals 
(2014). Major/minor alleles are the most common and least common alleles in the 
population. HWE refers to the Hardy-Weinberg Equilibrium. 
SERT 
locus 
major/minor 
allele(s) Location 
Minor allele 
frequency 
HWE 
holds: y/no 
Protein coding 
SNP136 a/g Promoter 20.3% Yes  
   
SNP290 a/g Promoter 30.5% No  
   
SNP478 c/t Promoter 29.5% No  
   
SNP187 a/t exon 1 29.4% Yes synonymous 
   
SNP253 c/t exon 3 18.3% Yes synonymous 
   
SNP278 a/g exon 3 20.7% No non-synonymous 
   
SNP197 c/t exon 8 41.0% Yes non-synonymous 
   
SNP407 a/t exon 8 36.2% No synonymous 
   
SNP457 a/g exon 8 48.7% Yes non-synonymous 
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Figure 4: SERT gene SNP234 genotype frequencies in Estonian great tit populations 
(2016). Tartu is urban, Kilingi-Nõmme (KN) is a rural area. AA and TT are 
homozygotes, AT is heterozygote.  
 
Behavioural variation and the SNP830 in the DRD4 gene (I, III) 
Behavioural response towards a novel object in natural population of great tits is 
associated with the DRD4 gene SNP830 (I). Males with the T allele (TT or CT) 
resumed food forraging faster than birds with a CC genotype. During the 
experimental phase where the novel object was placed on top of the nest box, the 
feeding delay was longer than the control phase (camera set-up) for both genders, 
even though female behaviour was not related to the DRD4 gene. However, 
female behaviour was negatively related to brood size (I). Therefore, the potential 
effect of the breeding season on female behaviour could play a role. 
In 2013 a behavioural experiment was conducted in captivity before the start 
of egg-laying (III). The response to the novel object (activity and exploration) 
in the aviary was significantly related with the DRD4 gene in both genders. The 
number of visits to a novel object and the number of artificial trees visited 
correlated significantly with the DRD4 genotype. Birds with the CT genotype 
explored the novel object more often than those with the TT genotype while no 
differences were observed between the CC and CT genotypes or between the 
CC and TT genotypes (III). 
 
Behavioural response and stress hormone analysis in relation to the DRD4 
gene SNP830 (III) 
Individual vocal response during the release correlated with DRD4 poly-
morphism. Post hoc analysis revealed significant differences between the CT 
and TT genotypes (P = 0.04), but not between the CC and CT (P = 0.29) or CC 
and TT (P = 0.96) genotypes. The highest probability to give alarm calls was in 
CT heterozygotes. It was also asked if stress-induced corticosterone levels could 
be related to DRD4 polymorphism on site SNP830. Among females (as there 
were too few males for the analysis) there exists a relationship between CORT 
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levels and the polymorphism in the DRD4 gene. The lowest CORT levels were 
detected in CT heterozygotes while TT homozygotes had the highest levels of 
CORT (post hoc P = 0.032). The corticosterone levels were negatively 
correlated with the probability of making alarm calls during release (III). 
 
Behavioural variation and the SERT gene polymorphisms (II) 
The SERT gene is related to the variation in behavioural response to different 
types of stressors: a camera, a novel object and a nest box trap (II). The latency 
to enter the nest box was significantly different between all three stressors 
(P < 0.001) and had longest delay during the trapping phase and the shortest 
delay in the presence of the camera (control phase). SNP253 in exon 3 was 
significantly correlated with the behavioural response to the presence of a novel 
object. CC homozygotes resumed their feeding behaviour significantly earlier 
than CT heterozygotes. Owing to the low frequency of the minor allele (T), it 
was not possible to analyse TT homozygotes properly. The behavioural 
response to the trap correlates with the SNP197 in exon 8. CC homozygotes 
entered the nest box after a longer delay compared to CT and TT individuals 
(II). It is important to note that there was also a tendency for an association to 
exist between SNP197 in exon 8 and a delay in nest visitation during the novel 
object phase and SNP253 (exon 3) during the trapping phase, but these 
relationships were not significant after correcting for multiple testing (II).  
 
Behavioural variation in anti-predator behaviour and relationship with the 
DRD4 and SERT genes (IV) 
SNP830 in the DRD4 gene had no effect on female behaviour to the presence of 
an intruder (P = 0.93, IV). The SNP187 in SERT gene exon 1 correlates 
significantly with female behavioural response (IV). Pair-wise post hoc tests 
showed a significant difference between the AT and TT genotypes of the 
SNP187 (p = 0.007), while not between the AA and TT genotypes (p = 0.18), 
probably due to the very small sample size of the AA genotype. TT homo-
zyogtes tended to pursue a more active defence strategy whereas the hetero-
zygotes and AA homozygotes remained passive.  
 
Relationships of candidate genes with reproductive traits (I, II, IV) 
Polymorphisms in the SERT gene were related to some reproductive traits (start 
of egg-laying, number of hatched young), but not to others (clutch and brood 
size, brood size during the fledgling stage). The SERT gene SNP457 in exon 8 
was significantly associated with the start of egg-laying in the additive model in 
the novel object experiment (II). Females with the AG and AA genotype started 
egg-laying earlier than those with the GG genotype, whereas no difference was 
observed between the AG and AA genotypes (II).  
The number of hatched young is associated with the SNP197 in the SERT 
gene exon 8. This relationship was sex-specific and significant in females only 
(II). Heterozygous CT females had larger broods at hatching than CC or TT 
homozygotes. Here the over-dominant model was used (II). No direct relation-
ship between the DRD4 gene and any reproductive traits was found (I).  
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A changing environment demands a change in individual behaviour. One of the 
factors limiting a behavioural response to a novel environment lies in the genes 
that affect neurotransmitter functioning (Carere and Maestripieri, 2013). The 
aim of the current thesis was to study individual responses to novel or dange-
rous situations and the influence of candidate genes related to neurotransmitters 
that affect behavioural variation. Both genes studied (DRD4 and SERT) were 
polymorphic in the Estonian great tit population and are therefore suitable for 
studying the mechanisms behind individual variation in behavioural traits (I–
IV). In the current study, the DRD4 and SERT genes affected behavioural traits 
that are essential for individual survival, adaptation and breeding success (e.g. 
risk-taking, exploration, nest defence) (I, IV).  
As both genes (DRD4 and SERT) are polymorphic in several great tit 
populations (see also Korsten et al., 2010 and Riyahi et al., 2015), it seems that 
the effect of these genes is widespread even though in some populations no 
relationship with behaviour was found (Korsten et al., 2010). Therefore, these 
gene regions are important in other bird species as well and can be used as 
general candidates for behavioural variation in future studies. Moreover, these 
genes could be related to reproductive traits and might affect population 
structure through selective forces.  
 
The DRD4 gene and novelty-induced behavioural responses (I, III) 
The DRD4 gene affects individual behaviour during breeding season in the 
Estonian great tit population (I). Males with a homozygous TT genotype and 
CT heterozygotes were faster to return to the nest box at the presence of novel 
object compared to individuals carrying the CC genotype. Thus, individuals 
with a T allele are considered to be bolder with risk-taking and are more explo-
ratory (see also Fidler et al., 2007). However, in females no relationship 
between DRD4 genotypes and behaviour in the natural environment was found. 
Possibly, the environmental factors might shield the effect of the genotype as 
the brood size affects female motivation to feed the nestlings (I). Therefore, the 
experiment that was conducted during the breeding season showed also the 
effect of the breeding season on individual behaviour in females. Formerly, the 
association between SNP830 in the DRD4 gene and exploratory behaviour in 
wild populations was shown to be independent of sex (Korsten et al., 2010). 
However, in their study, first-year birds who had not bred were used and the 
experiment was conducted during the non-breeding season (Korsten et al., 
2010). In the current study with Estonian great tits an experiment was also 
replicated before the start of the breeding season and in captivity in order to 
control for the possible influence of the environment (III).  
In the aviary experiment (in captivity), both male and female exploratory 
behaviours were related to the DRD4 gene genotypes: CT heterozygotes were 
bolder and more exploratory than homozygotes (TT and CC). In the former 
experiment where individual behaviour was measured in the wild, carriers of 
4. DISCUSSION 
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the T allele (CT and TT) were quicker to resume feeding behaviour (I). There-
fore, it seems that the TT homozygotes in the aviary were not as exploratory as 
shown before (I, III). Differences in exploratory behaviour and risk-taking 
possibly occur due to different experimental set-ups. Still, the presence of the T 
allele in the Estonian population is related to bolder and more exploratory 
behaviour similar to other populations as well (Fidler et al., 2007; Korsten et al., 
2010), suggesting an effect from the overdominance of the T allele (Fidler et al., 
2007, I).  
 
Individual stress response and the DRD4 gene (III) 
A change in environment is often stressful for an individual (Badyayev, 2005). 
Stressful events and environments modify the integration of several regulatory 
systems, including neurotransmitters (Badyayev, 2005). As individual reaction 
to novelty was related to the DRD4 gene, it was assumed that variations in 
stress levels among individuals could also be influenced by the DRD4 gene. As 
shown before, corticosteroid hormones are essential for cognitive performance 
(de Kloet et al., 1999) and the intensity of alarm calling in great tits is also 
associated with exploratory behaviour (Hollander et al., 2008). According to 
Krams and colleagues (2014) alarm calls could reflect individual anxiety levels. 
In the current study, individual alarm calling was observed during the release 
after the aviary experiment in order to observe individual stress levels.  
The results demonstrate that individual vocal behavior varied significantly 
among individuals and was related to the DRD4 gene (III). Most of the alarm 
calls were produced by the CT heterozygotes rather than the TT and CC homo-
zygotes. As anxiety is positively correlated with stress-induced corticosterone 
levels (Sapolsky et al., 2000), individuals who produce more alarm calls should 
also have higher levels of stress hormone (Krams et al., 2014). In the current 
study, measuring the main stress hormone in birds (corticosterone) levels after 
capture indicated that CT heterozygotes had the lowest levels of stress hormone 
compared to other genotypes. Thus, producing more alarm calls does not reflect 
increased hormonal stress response in this population. However, similar to 
Riyahi and colleagues (2017), our results could show that the greater probability 
of alarm calls produced could reflect bolder behaviour in great tits. Therefore, 
the results of the current study also infer that individuals who conducted more 
calls during release are probably bolder and not as stressed as individuals with 
higher corticosterone levels. Furthermore, these results indicate that boldness 
and stress response in novel or changing environment are likely co-ordinated 
together by the stress hormone levels and the genes underlying them.  
 
The SERT gene and novelty-induced behavioural response (II) 
The SERT gene in birds has not been widely studied. Therefore, in the current 
study, all the gene regions in the SERT gene including introns, exons and 
promoters were analysed. The results showed that the SERT gene plays an 
important role in behavioural variation in different contexts during the breeding 
season. A somewhat similar behavioural trait as in the study with the dopamine 
receptor gene D4 was examined using an experiment with a novel object. The 
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results showed that individual behaviour in response to novelty is also affected 
by the SERT gene. Moreover, several polymorphic regions, not just one SNP in 
the SERT gene different regions are important in shaping individual beha-
vioural phenotype. These SNPs are present in exonic regions 1, 3 and 8 (II, 
Table 2). As these SNPs were close to each other, correlations between these 
regions were studied. However, in this study no correlation or linkage disequi-
librium (LD) between the SNPs was found. As the linkage disequilibrium in 
natural population is dependent on genetic diversity in the genome, LD studies 
in the current population need a denser genome marker map in order to detect 
linkage associations (Backström et al., 2006). 
A polymorphism in the exonic region 3 correlates with behavioural reaction 
towards different types of novelty: a camera, novel object and trap. The longest 
delay before entering the nest box and resume feeding the nestlings was in the 
presence of the nest box trap. The shortest delay occurred during the control 
phase (camera). In all the set-ups, CC homozygotes were bolder and resumed 
feeding behaviour significantly earlier than CT heterozygotes while the novel 
object was present. As the TT homozygotes were underrepresented, behavioural 
variations in these genotypes were not studied. However, if the CC homo-
zygotes are more adaptive in the changing environment as these individuals 
were faster to return to the nest box, it could infer that these individuals are 
more successful at raising offspring in variable conditions.  
Secondly, an SNP in exon 8 (SNP197) seemed to affect individual beha-
vioural response towards the trap placed on the nest box, even though this SNP 
is not related to the behavioural response to the presence of a camera or novel 
object (box) (II). The longest delay of entry was present in the CC homo-
zygotes, longer than those birds who carried the T allele (TT or CT). In this 
study, a trap is considered to be a more threatening object than a novel object 
placed on top of the nest box as it impedes entry. Therefore, the SERT gene 
polymorphisms play a role in situations that are more stressful than the DRD4 
gene that affected behavioural responses only in the presence of a novel object. 
Indeed, in humans and rats, serotonin levels are causally related to behavioural 
flexibility in different situations (see the overview by Coppens et al., 2010). 
Therefore, the results from the current study also indicate that serotonin and the 
SERT gene are important factors in shaping behavioural variation and 
flexibility in birds. 
 
The SERT gene and anti-predatory behaviour (IV) 
In addition to behavioural measurements during the feeding period of the 
nestlings, female reactions to intruders at the time of incubation was studied. 
The attack of a potential predator is considered to be more threatening than a 
mere novel object. Any animal whose behaviour enables it to avoid or deter 
predators while being attacked will have a higher possiblity of surviving and 
will be more successful at raising offspring (Lind and Cresswell, 2005). 
Understanding variation in persistent behavioural phenotypes enables us to 
study individual success and vulnerability in changing and stressful environ-
ments. The response to the intruder (hissing behaviour) was shown to be 
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consistent over time (Koosa and Tilgar, 2016) and reflects individual boldness 
in birds (Krams et al., 2014). In the current thesis, individual response (hissing 
or non-hissing) was related to the polymorphism in the SERT gene exon 1. TT 
homozygotes tended to perform a more active defence strategy (hissing) against 
intruders. AT heterozygotes and AA homozygotes stayed more passive (non-
hissing). Similar to the experiment with the trap, the correlation with the SERT 
gene and the anti-predatory response point out that this gene has an important 
effect on the behavioural reaction during a threatening situation. It is also 
essential to note that only the SERT gene polymorphism in exon 1, but not in 
exonic regions 3 and 8, affects the behavioural response. It indicates that 
different regions of the SERT gene are important in creating behavioural 
reactions in dangerous situations and in novel environments. 
 
The effect of candidate genes on reproductive traits 
Behavioural traits shape reproduction through individual decisions in choosing 
suitable nesting sites and partners, as well as decisions regarding the start of 
egg-laying, parenting and much more. In the third hypothesis it was presumed 
that if the behavioural decisions correlated with the genes behind them, then 
these genes could also have an impact on individual reproductive success. As 
most of the behavioural experiments were conducted during the breeding 
season, several traits related to reproduction were studied. Previous studies have 
shown that the reproductive value of the brood could explain the anti-predatory 
response in females (Tilgar and Kikas, 2009). Moreover, the start of egg-laying 
could be related to predation risk (Byrkjedal, 1980) and parental investment 
could play an important role during the breeding season (Fontaine and Martin, 
2006). As shown in Paper I, females were probably more motivated to feed 
offspring than males, as the brood size was related to the female behavioural 
response. However, neither the brood size nor the number of fledglings were 
related to the DRD4 or SERT genes. Also, in the study during the incubation 
period where female reaction towards the woodpecker intruder was observed, 
brood size had no effect on this trait at all even though this behaviour could be 
important in female and/or nestling survival (IV; Lind and Cresswell 2005; 
Montgomerie and Waterhead 1988).   
Still, for the first time it was shown that the SERT gene polymorphisms 
could be associated with the timing of breeding as the SNP457 in exon 8 might 
play a role in initiating egg-laying (II). Heterozygous birds (AG) and homo-
zygous AA females started egg-laying earlier than GG homozygotes. Adapting 
the time of breeding helps ensure the birds’ procurement of a sufficient amount 
of food to feed their nestlings (Noordwijk et al., 1995). Therefore, the rising 
spring temperature in Estonia (Jaagus et al., 2014) could also shift the cater-
pillar peak and shape the individual adaptation of great tits in a changing 
environment as shown by Visser and colleagues (1998). If the carriers of the A 
allele start egg-laying earlier, this might infer that these individuals could be 
faster to react to the shift in the environment.  
The second polymorphism in exon 8, SNP197 was significantly related with 
the number of hatched young when heterozygotes had larger broods compared 
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to homozygotes (II). This SNP was also related to individual behaviour in the 
presence of the trap where CT heterozygotes were bolder at entering. The larger 
broods could indeed be a source of motivation to enter the nest box more 
frequently. Thus, the mutual effect between brood size, behavioural response 
and the SERT gene could also affect genotype frequencies in the population.  
When it comes to the second candidate gene, the DRD4 gene, SNP830 was 
not directly related to any reproductive trait, but could have had some indirect 
effects as the brood size was related to female behaviour. Therefore, dopamine 
and serotonin are involved in shaping individual reproductive success in great 
tits and including reproductive traits in future studies of behavioural genetics is 
essential. Also, if these genes do indeed play a role in the breeding season, it 
would enable us to study population structures and fluctuations of different 
genotypes. Variations in reproductive traits could reflect some components of 
fitness and are possibly subject to selection pressures.  
 
Genotype frequencies in different populations 
The DRD4 gene was studied over three different years (2012–2014) (I, III, IV). 
The genotype frequencies in the Estonian (Kilingi-Nõmme) population of great 
tits varied slightly over the years but this variation was not statistically signi-
ficant. The most frequent was the CT heterozygous genotype. TT and CC 
homozygote frequencies varied over the years (Figure 3). Compared to earlier 
studies, the observed frequencies of the DRD4 gene in Kilingi-Nõmme 
population were similar to other great tit populations (Fidler et al., 2007; 
Korsten et al., 2010). For example, in former studies, the TT homozygotes were 
constantly underrepresented, similar to the results gained in 2012 from the 
Estonian population (Fidler et al., 2007; Korsten et al., 2010; I).  
Allele frequencies in the SERT gene were studied in 2012 and 2014 (II, IV). 
Some genotypes (homozygotes) were constantly missing in both years. 
Underrepresented genotypes or variation between years in the population could 
be affected by several factors. In the wild population, migration and selection 
pressures shape the population structure. Moreover, mutation rates, genetic drift 
and gene flow could vary over the years (Hartl et al., 1997). For instance, the 
frequencies of the SERT gene polymorphisms in two distant populations 
(Estonia and Spain) differ significantly (Riyahi et al., 2015; II). Some of the 
SNPs found in the study conducted by Riyahi and colleagues (2015) were not 
present in the Estonian population (e.g. SNP234 in the promoter is not poly-
morphic) (II). However, this SNP234 could play an important role in shaping 
behavioural response (Riyahi et al., 2015). Therefore, a pilot sample of nestlings 
and adults was studied both in urban and rural populations of great tits in 2016 
in order to detect potential variations in this particular region of the SERT gene 
(SNP234) (unpublished data). In the Kilingi-Nõmme population (rural), the 
main study area, almost no variation in this gene region was present in the 
population. However, in the urban nestlings, the SNP234 is polymorphic 
(Figure 4, unpublished data). Similar to Riyahi and colleagues, the T allele in 
SNP234 is more present in urban populations (Riyahi et al., 2015). These results 
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infer that the genotype frequencies in Estonian population also vary and the role 
of local adaptations in shaping genotypes cannot be underestimated.  
 
Potential mechanisms of behavioural variation 
Several SNPs in the current study were synonymous, meaning that a change in 
DNA sequence does not change the protein sequence. It could be that these 
SNPs are just neutral or non-functional. However, synonymous polymorphisms 
could have functional effects: these codons often define mRNA secondary 
structure, expression and transcription (Oak et al., 2000; Shabalina et al., 2013). 
SERT gene synonymous polymorphisms could also act as transcriptional 
enhancers (Fiskerstrand et al., 1999). These effects are often mediated through 
linkage with other non-synonymous SNPs as well (Chamary et al., 2006). 
Moreover, the neurotramitter functioning is often part of a greater network as 
shown in rats where dopamine and serotonin levels affect behaviour simul-
taneously (Van Erp and Miczek, 2000). 
Candidate gene studies often use polymorphisms that are not causal and the 
effect of these polymorphisms shapes behaviour through linkage disequilibrium 
or epigenetic mechanisms (Bossdorf et al., 2008; van Oers et al., 2005; 
Nordborg and Tavare, 2002). Linkage disequilibrium is present when traits are 
affected by various gene regions, but a selective force prefers particular 
combinations (van Oers et al., 2005). As the DRD4 gene and SERT gene in 
great tits affect similar behaviours, potential linkage disequilibrium (LD) 
between these genes and between different SNPs within the SERT gene was 
studied. However, in the current study no linkage disequilibrium was found in 
the Estonian great tit population (II, IV). Previously, Mueller and colleagues 
showed that the linkage disequilibrium structure in DRD4 gene exon 3 region is 
conserved across four great tit populations and therefore does not explain 
heterogeneous associations (Mueller et al., 2013). When it comes to the SERT 
gene, Riyahi and colleagues (2015) observed LD between SNP440 and SNP478 
in the promoter region. As in the Estonian great tit population, fewer SNPs were 
present in the promoter area (no variation in SNP440 at all) compared to Riyahi 
and colleagues and it was not possible to study LD in this gene region (II).  
In addition to linkage disequilibrium, several epigenetic factors, mRNA 
functioning and RNA stability could affect the behaviour through genetic varia-
tion (Knapp et al., 1998; Oak et al., 2000). Possible gene–environment 
interactions are suggested in both genes, DRD4 and SERT (Riyahi et al., 2015). 
In the study by Riyahi and colleagues, it was found that the methylation levels 
of SERT gene are higher in urban populations (1–4%) than in rural areas. 
However, in the Spanish population, the DRD4 gene and its methylation levels 
were present, but not strongly involved in the exploratory behaviour (Riyahi et 
al., 2015). In a subsequent study, Verhulst and colleagues found an important 
effect of methylation on the DRD4 gene and behavior in great tit populations 
(Verhulst et al., 2016). In the current thesis, the role of epigenetics was not 
studied, but these effects could be relevant in Estonian great tit population as 
there exists a difference between urban and rural populations in the SERT gene 
(unpublished data, Figure 4).  
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Both candidate genes studied are polymorphic in Estonian great tits and 
correlate with behavioural traits. Most of the experiments were conducted in the 
wild and during the breeding season. Firstly, exploratory behaviour in great 
tits was affected by the DRD4 gene polymorphism both in the wild and in the 
aviary. Moreover, the DRD4 gene could play a role in individual anxiety levels 
as the production of alarm calls was affected by polymorphism of this gene. It is 
important to note that if the novel object experiment is conducted during the 
breeding season, the female behavioural response might be influenced by the 
brood size. Also, the DRD4 gene and behavioural response in stressful situations 
could be related to acute levels of corticosterone. Secondly, individual reactions 
to novel or dangerous situations in the wild are related to the SERT gene 
polymorphisms. Similar to the DRD4 gene, the SERT gene affects the reaction 
towards a novel object. Besides, the behavioural reaction to a potentially more 
dangerous object (e.g. a trap or predator) was correlated with the SERT gene 
polymorphisms. Therefore, the SERT gene seems to affect decision-making 
under stressful situations. Thirdly, reproductive traits could be related to 
differences in the SERT gene, but are not related to the DRD4 gene. The 
SERT gene SNP457 in exonic region 8 was related to the start of egg-laying 
and the second polymorphism in exon 8, SNP197 was significantly related with 
the number of hatched young. When it comes to the second candidate gene, the 
DRD4 gene, it was not directly related to any reproductive trait, but could have 
had some indirect effects through its influence on behaviour.  
 
 
 
 
5. CONCLUSIONS 
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Genetic studies give the opportunity to understand mechanisms potentially 
underlying individual behavioural variations. Behaviour varies between indi-
viduals but the individual responses to situations and environments often stays 
persistent. Adapting one’s reaction to a situation or being behaviourally more 
plastic in a changing environment is costly and often limited. The limits of 
behavioural plasticity are affected by the environment itself, other behavioural 
traits and genes. Therefore, knowing the genes that affect behaviour and the 
neurotransmitter networks behind behavioural responses enables us to under-
stand individual variations in behaviour. Studies of behavioural genetics also 
include behavioural disorders in humans, such as depression, anxiety and 
schizophrenia; adaptation in animals (e.g. reintroduction and colonization) and 
finally domestication and selective breeding in farming. 
Behavioural traits are a part of a complex system that involves the nervous 
system, hormones, neurotransmitters and genes. Two main candidate genes that 
are widely studied have been associated with anxiety and novelty-seeking and 
are related to dopamine and/or serotonin neurotransmission. These are the 
serotonin transporter gene (SERT) and the dopamine receptor gene D4 (DRD4). 
Given that dopamine and serotonin regulate behavioural responses and are 
related to variations in individual genotypes, the main focus of this thesis was to 
study the effect of these candidate genes on behavioural traits in a natural popu-
lation. As most of the experiments were conducted during the breeding season, 
reproductive traits were also included in the analysis. 
 To study this, different behavioural experiments were conducted both in the 
aviary and in the wild. The great tit was used as a model species that allowed us 
to conduct experiments both in the wild and in captivity. Individual behavioural 
variation was measured in the presence of a novel object, a nest box trap and 
during a simulated predator attack. Most of the behavioural experiments were 
conducted during the breeding season which enabled us to include reproductive 
traits in the analysis. For gene analyses, blood samples were collected for DNA 
separation and sequencing.  
The results show that the candidate genes (DRD4 and SERT) are poly-
morphic among Estonian great tits. Moreover, individual behavioural responses 
to a novel object were affected by both candidate genes. The DRD4 gene is 
related to male behavioural response in the natural environment and in the 
aviary. In female great tits, there was no effect from the DRD4 gene on beha-
viour in the experiment conducted in the wild. However, while conducting the 
experiment in the aviary and before the start of the breeding season, a similar 
correlation between the DRD4 gene and behaviour was found in females as 
well. Therefore, the potential effect of the breeding season on female behaviour 
played a role as the brood size was related to the female behavioural response. 
As novel situations could be stressful, individual corticosterone (CORT) levels 
6. SUMMARY 
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were included in the experiments. Stress hormone levels were correlated with 
individual vocal response during release after the aviary experiment. Moreover, 
the CORT levels were related to the DRD4 gene. The lowest levels of acute 
CORT were observed in CT heterozygotes, suggesting that these individuals are 
less influenced by handling stress. Indeed, when facing a novel object, CT 
heterozygotes were bolder in approaching it. Also, when birds were released, 
CT heterozygotes conducted most of the alarm calls which could infer bolder 
behaviour. 
The SERT gene polymorphisms were also related to the behavioural reaction 
to the novel object as a SNP in exonic region 3 correlates with a behavioural 
reaction in the presence of different types of novelty: a camera (inducing the 
shortest delay), an object on the nest box and the nest box trap (inducing the 
longest delay). Moreover, the SERT gene seems to play a significant role when 
the situation is more stressful. An SNP in the SERT gene exon 8 is only related 
to the behavioural response towards the trap on the nest box as the carriers of 
the T allele were bolder than CC homozygotes. Also, an SNP in the exonic 
region 1 is associated with individual risk-taking behaviour during the simu-
lated predator attack during the incubation period. Behavioural adaptation could 
also affect the frequencies of the SERT gene polymorphisms. A pilot sample of 
urban and rural birds showed that one particular SNP (SNP234) that is present 
in former studies and relates to exploratory behaviour is missing in the Estonian 
rural population. In urban birds (especially nestlings), the SNP234 was present.  
Most of the behavioural traits in the current thesis were conducted during the 
breeding season which enabled us to study several reproductive traits toghether 
with behavioural decisions that might shape breeding success in birds. There-
fore, as the DRD4 and SERT genes are related to behavioural decisions in the 
presence of novelty, it was assumed that these genes could play a role in 
breeding success as well. However, the DRD4 gene was not directly related to 
any reproductive trait studied. The SERT gene polymorphism in exon 8 
SNP457 was related to the start of egg-laying even though this particular SNP 
had no effect on behaviour. Also, the second polymorphism in exon 8, SNP197 
was significantly related to the number of hatched young where heterozygotes 
had larger broods than homozygotes. This SNP also affected individual beha-
vioural responses to the presence of the trap where heterozygotes were bolder at 
entering than homozygotes. Therefore, the SERT gene polymorphisms could be 
either directly or indirectly related to individual fitness as several gene regions 
in different tests seem to have some effect on breeding success.  
In conclusion, the aim of this thesis was to study the effect of two candidate 
genes on bird behaviour and reproductive traits. The results show that the 
DRD4 and SERT genes are important in shaping behavioural decisions in the 
presence of different stressors and novelty. Moreover, the stress hormone levels 
could affect the behavioural response related to the DRD4 gene. The SERT 
gene might be either directly or indirectly related to reproductive traits. The 
study with the DRD4 gene also indicates that conducting experiments in dif-
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ferent environments and seasons could have a significant influence on indi-
vidual behaviour. Therefore, in subsequent studies, picking the study site and 
timing of the experiment should be considered carefully. Differences in the 
environment could be also the reason why no correlation between the candidate 
genes and behaviour was found in some populations. By understanding the 
effects of candidate genes on behaviour, it would be possible to expand future 
studies to the causal mechanisms that shape behavioural traits.  
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Dopamiini ja serotoniiniga seotud geenide (DRD4 ja SERT) mõju 
rasvatihase käitumisele ja sigimistunnustele 
KOKKUVÕTE 
Loomadel esinevaid püsivaid käitumistunnuseid nimetatakse käitumistüüpideks 
või ka isiksusteks. Siia kuuluvad näiteks julgus võtta riske, agressiivsus, sot-
siaalsus ning ekstravertsus. Isiksuse avaldumist kujundavad lisaks keskkonnast 
tulenevatele teguritele ka geenid. Teades geene, mis kujundavad käitumist, on 
võimalik paremini mõista loomade kohanemisedukust erinevates keskkondades. 
Lisaks mõjutavad mitmed geenipiirkonnad inimesel ärevushäirete tekkimist, 
depressiooni ja ka skisofreenia avaldumist. Selleks, et uurida erinevaid käitu-
misega seotud aspekte ning geene, kasutatakse sageli mudelliike. Võrreldes ini-
mesega on mudelina kasutatavatel liikidel enamasti oluliselt lühem elutsükkel, 
mis võimaldab lihtsamini uurida muu hulgas ka käitumise mõju sigimis-
tunnustele ning jälgida tunnuste päritavust ehk säilimist põlvkonnast põlvkonda. 
Käitumistunnuste avaldumine toimub läbi keerulise mehhanismi, kus oluline 
osa on virgatsainetel, mis mõjutavad otseselt närvisüsteemi tööd. Peamised sel-
lised ühendid on 1) dopamiin, mis mõjutab uurivat käitumist, 2) serotoniin, mis 
reguleerib ärevust ja agressiivsust ning 3) noradrenaliin, mis seostub motivat-
siooniga. Nii on käitumise uurimisel peamised kandidaatgeenid need, mille 
puhul on näidatud olulist mõju virgatsainete toimimisele. Et aga varasemates 
uurimustes on saadud käitumisgeenide mõjude osas vastukäivaid tulemusi, siis 
on oluline teha uuringuid erinevates keskkondades ja populatsioonides.  
Praeguses teadustöös sooviti vastust küsimusele, kas varasemalt uuritud kaks 
geenipiirkonda, mis mõjutavad inimesel ning loomadel ärevust (serotoniini 
transporteri geen/SERT geen) ning uurivat käitumist või riskijulgust (dopamiini 
retseptori geen D4/DRD4 geen) omavad olulist mõju ka lindude käitumisele. 
Varasemad uuringud on näidanud, et DRD4 geen mõjutab rasvatihaste ja pri-
maatide uurivat käitumist, koerte impulsiivsust ning hiirte hüperaktiivsust. 
Rasvatihasel, kes on üks paremini uuritud liike, pole aga kõigis populat-
sioonides seoseid DRD4 geeni ja käitumise vahel leitud. Seega uuriti praeguses 
teadustöös DRD4 geeni ja käitumise vahelisi seoseid nii välikatses kui ka 
aviaariumis (katseruumis), et mõista geeni mõju erinevates keskkondades. 
Teiseks, SERT geeni on kõige rohkem uuritud inimestel seoses erinevate käitu-
mishäiretega (näiteks depressioon, ärevus ning suitsiid). Ka teistel imetajatel 
mõjutavad SERT geeni piirkonnad just ärevusega seotud käitumist. Lindudel on 
aga seda geeni veel võrdlemisi vähe uuritud, ehkki on näidatud, et mitmed 
SERT geeni piirkonnad mõjutavad lindudel impulsiivsust ning reaktsiooni 
uudsele objektile või olukorrale. Seega, töö teine uurimisküsimus keskendus 
SERT geeni ja käitumise vahelistele seostele lindudele loomuomases kesk-
konnas. Kolmandaks, kuna DRD4 ja SERT geenid on seotud ka sigimisnäitajate 
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ja kaaslase valikuga, uuriti teadustöös nende geenide mõju lindude pesitsus-
edukusele.  
Kui eelnevad käitumiskatsed ja geeniuuringud on tehtud enamasti labori-
tingimustes, siis praegune töö viidi läbi loodusliku rasvatihaste populatsiooniga 
ning lindudele omases keskkonnas. See võimaldab genotüübi ja käitumise vahe-
lisi seoseid laiemalt testida, sest laboris ei pruugi kõik käitumistunnused alati 
avalduda. Lisaks tehti suur osa katsetest pesitsusperioodil, et hinnata käitumis-
geenide mõju sigimistunnustele. Läbiviidud käitumiskatsete eesmärgiks oli jäl-
gida isendite hakkamasaamist uudse või stressirohke olukorraga. Põhikatses 
filmiti vanalindude toitmiskäitumist (pesapoegade toitmist) Edela-Eestis 
Kilingi-Nõmme katsealal. Katsetes vaadeldi nii tavalist toitmissagedust, kui 
hinnati uudsest objektist tingitud toitmispausi pikkust. Sarnane korduskatse 
viidi läbi ka kontrollitud tingimustes ja enne pesitsusaega, et välistada kesk-
konnast tulenevad mõjutusi. Lisaks hinnati emaslindude reaktsiooni võimalikule 
sissetungijatele ning vanalindude käitumist lõksuminekul (tugev stressiolukord). 
Lisaks käitumiskatsetele määrati lindude genotüüp nii DRD4 kui SERT geeni 
osas. 
Töö tulemusena selgus, et mõlemad geenid (DRD4 ja SERT) on Eesti rasva-
tihaste populatsioonis polümorfsed, st geenipiirkonnad varieeruvad isendite 
vahel. Mõlemad geenid seostusid ka lindude käitumisega. DRD4 geen mõjutas 
isaslindude uurivat käitumist nii pesitsusajal vabas looduses kui ka laborikatses 
(aviaariumis). Emaslindudel ilmnes DRD4 geeni mõju käitumisele aviaariumi-
katses enne pesitsusaega, aga mitte vabas looduses poegade toitmise ajal. Küll 
mõjutas emaslindude käitumist vabas looduses pesakonna suurus, mis tõe-
näoliselt võis varjutada geeni mõju käitumisele. Lisaks uuriti selles katses ka 
lindude stressitaset. Kõige madalam stressihormooni tase oli nendel isenditel, 
kellel olid olemas DRD4 geeni erinevad alleelid (heterosügoodid). Uudsele 
objektile lähenedes olid need linnud kõige altimad ja kiiremad lähenejad ning 
vabastamisel tegid nad ka kõige sagedamini hoiatushüüde. Sarnaselt on vara-
semalt rasvatihastel leitud, et hoiatushüüdude suurem hulk näitab tõepoolest 
julgemat käitumist. Ka madal stressihormooni tase viitab, et need indiviidid 
võiksid stressiolukorras paremini hakkama saada. Seega, vaatamata väikestele 
erinevustele aviaariumi ja katsete vahel, mida tehti vabas looduses, on tõe-
näoline, et DRD4 mõjutab oluliselt lindude käitumisotsustuste kujunemist ning 
võib olla seotud ka stressitaseme kujunemisega.  
Teiseks uuriti SERT geeni mõju tihaste käitumisele. Selgus, et rasvatihastel 
esineb selles geenis mitmeid polümorfseid piirkondi (SNPd), mis võivad käitu-
mist mõjutada. Uuriva käitumisega tundmatu objekti suhtes oli seotud polü-
morfism, mis paikneb geeni kolmandas eksonis. Et katses kasutati sama 
käitumistunnust, mida DRD4 geeni puhulgi, kontrolliti ühtlasi seoseid ka DRD4 
geeni ja SERT geeni vahel. Ehkki sellised geenid võivad olla aheldatud ja koos 
päranduda, siis uuritud tihasepopulatsioonis sellist seost ei leitud. SERT geeni 
uuringud näitasid ka, et geen mõjutab enam neid olukordi, mis on tihaste jaoks 
stressirohkemad ja ohustavamad kui DRD4 geeni puhul. Näiteks leiti seos 
SERT geeni ekson 8 SNP197 ja lõksumineku vahel. Stressirohke olukord loodi 
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ka katses emaslindudega haudeperioodil, kus SERT geeni mõju käitumisele 
ilmnes siis, kui pesa ohustas võimalik sissetungija. Katses imiteeriti rähni-
topisega rünnakut pesakastile ning leiti, et polümorfism SERT geeni eksonis 1 
mõjutas seda, kas emaste reageering on aktiivne (susin ning rünnak topise 
suunas) või passiivne (ei tee midagi). Kokkuvõtvalt, serotoniini transporteri 
geen on oluline tegur lindude käitumise kujundamisel erinevates olukordades. 
Geen mõjutas nii reageeringut uudsele objektile, lõksule kui ka sissetungijale 
ning omas märkimisväärselt suuremat mõju käitumisele olukordades, mis 
põhjustavad rohkem ärevust.  
Nii DRD4 kui SERT geeni puhul uuriti nende mõju lindude pesitsus-
edukusele. Seega vaadeldi lisaks erinevaid pesitsusega seotud tunnuseid nagu 
näitkes munade arvu, munemise algusaega, koorunud poegade arvu, pesakonna 
suurust ning poegade arvu lennuvõimestumisel. Enamik neist tunnustest polnud 
kummaski kandidaatgeenis käitumist mõjutavate polümorfismidega otseselt 
seotud. Küll aga leiti seos SERT eksonis 8 paikneva SNP197 ja pesakonna 
suuruse vahel. Suuremate pesakondadega olid heterosügoodid, kes ühtlasi 
näitasid käitumiskatses julgemat käitumist uudse objekti suhtes. Teine polü-
morfism (SNP457) eksonis 8 seostus koorunud poegade arvuga. See SNP pole 
küll käitumisega otseselt seotud, kuid mõjutas tõenäoliselt kuidagi otsust, millal 
munemist alustada. Nii võib arvata, et pesitsusedukus tihastel küll olla mõju-
tatud SERT poolt käitumise kaudu, kuid on vähe või pole seotud DRD4 geeniga.  
Kokkuvõtvalt, töö tulemusena selgus nii DRD4 kui ka SERT geeni mõju 
tihaste uurivale käitumisele ning riskijulgusele. Oluline on märkida, et vabas 
looduses võib pesitsusaeg mõjutada DRD4 geeni ja käitumise vahelisi seoseid. 
Seega tuleks edasistes uuringutes omavahel võrrelda erinevaid keskkondi ning 
perioode, mõistmaks olulisi tegureid, mis käitumist võivad kujundada. Mõõt-
mised peamiselt laboritingimustes võivad olla ka ühtlasi põhjuseks, miks 
varasemates töödes pole seoseid DRD4 geeni ja käitumise vahel alati leitud. 
SERT geenis kirjeldatud polümorfismid osutavad geenipiirkondadele, mida 
pole varasemalt uuritud, kuid, millega tasub tulevikus edasi töödata, kuna need 
SNPd omavad mõju käitumisele. Seejuures on oluline silmas pidada neid polü-
morfisme SERT geenis, mis kujundavad pesitsusedukust ja suunavad seeläbi 
looduslikku valikut. Teades käitumist mõjutavaid geene, on võimalik kesken-
duda põhjuslikele seostele, mis kujundavad käitumisvastuseid. See omakorda 
aitab mõista kohanemisedukust nii tihastel, inimestel kui ka muudel looma-
liikidel.  
 
  
37 
REFERENCES 
Abe, H., Takeuchi, H. A., Yamada, S., Nakamura, A., Nagao, K., Nirasawa, K., 
Ito S., I., & Inoue-Murayama, M. (2013). Characterization of the intronic VNTR 
polymorphisms found in a paralog of chicken serotonin transporter gene. Animal 
science journal, 84(4), 281–288. 
Avale, M. E., Falzone, T. L., Gelman, D. M., Low, M. J., Grandy, D. K., & 
Rubinstein, M. (2004). The dopamine D4 receptor is essential for hyperactivity and 
impaired behavioral inhibition in a mouse model of attention deficit/hyperactivity 
disorder. Molecular psychiatry, 9(7), 718. 
Backström, N., Qvarnström, A., Gustafsson, L., & Ellegren, H. (2006). Levels of 
linkage disequilibrium in a wild bird population. Biology letters, 2(3), 435–438. 
Badyaev, A. V. (2005). Stress-induced variation in evolution: from behavioural 
plasticity to genetic assimilation. Proceedings of the royal society of London B: 
Biological sciences, 272(1566), 877–886. 
Bailey, J. N., Breidenthal, S. E., Jorgensen, M. J., McCracken, J. T., & Fairbanks, L. A. 
(2007). The association of DRD4 and novelty seeking is found in a nonhuman 
primate model. Psychiatric genetics, 17(1), 23–27. 
Bakermans-Kranenburg, M. J., & van Ijzendoorn, M. H. (2008). Oxytocin receptor 
(OXTR) and serotonin transporter (5-HTT) genes associated with observed 
parenting. Social cognitive and affective neuroscience, 3(2), 128–134. 
Berger, M., Gray, J. A., & Roth, B. L. (2009). The expanded biology of serotonin. 
Annual review of medicine, 60, 355–366. 
Byrkjedal, I. (1980). Nest predation in relation to snow-cover: a possible factor 
influencing the start of breeding in shorebirds. Ornis Scandinavica, 249–252. 
Bossdorf, O., Richards, C. L., & Pigliucci, M. (2008). Epigenetics for ecologists. 
Ecology letters, 11(2), 106–115. 
Canli, T., & Lesch, K. P. (2007). Long story short: the serotonin transporter in emotion 
regulation and social cognition. Nature neuroscience, 10(9), 1103. 
Carere, C., Groothuis, T. G. G., Möstl, E., Daan, S., & Koolhaas, J. M. (2003). Fecal 
corticosteroids in a territorial bird selected for different personalities: daily rhythm 
and the response to social stress. Hormones and behavior, 43(5), 540–548. 
Carere, C., & Maestripieri, D. (Eds.). (2013). Animal personalities: behavior, physio-
logy, and evolution. University of Chicago Press. 
Caspi, A., Sugden, K., Moffitt, T. E., Taylor, A., Craig, I. W., Harrington, H., 
McClay, J., Mill, J., Martin, J., Braithwaite, A. & Poulton, R. (2003). Influence of 
life stress on depression: moderation by a polymorphism in the 5-HTT gene. 
Science, 301(5631), 386–389. 
Champoux, M., Bennett, A., Shannon, C., Higley, J. D., Lesch, K. P., & Suomi, S. J. 
(2002). Serotonin transporter gene polymorphism, differential early rearing, and 
behavior in rhesus monkey neonates. Molecular psychiatry, 7(10), 1058. 
Civelli, O., Bunzow, J. R., & Grandy, D. K. (1993). Molecular diversity of the dopa-
mine receptors. Annual review of pharmacology and toxicology, 33(1), 281–307. 
Chamary, J. V., Parmley, J. L., & Hurst, L. D. (2006). Hearing silence: non–neutral 
evolution at synonymous sites in mammals. Nature reviews genetics, 7(2), 98. 
Comings, D. E., Gade-Andavolu, R., Gonzalez, N., Wu, S., Muhleman, D., Blake, H., 
Dietz, G., Saucier, G., & P MacMurray, J. (2000). Comparison of the role of 
dopamine, serotonin, and noradrenaline genes in ADHD, ODD and conduct 
38 
disorder: multivariate regression analysis of 20 genes. Clinical genetics, 57(3), 178–
196. 
Coppens, C. M., de Boer, S. F., & Koolhaas, J. M. (2010). Coping styles and be-
havioural flexibility: towards underlying mechanisms. Philosophical transactions of 
the royal society of London B: Biological sciences, 365(1560), 4021–4028. 
Dalley, J. W., & Roiser, J. P. (2012). Dopamine, serotonin and impulsivity. Neuro-
science, 215, 42–58. 
Davidge, K. M., Atkinson, L., Douglas, L., Lee, V., Shapiro, S., Kennedy, J. L., & 
Beitchman, J. H. (2004). Association of the serotonin transporter and 5HT1Dβ 
receptor genes with extreme, persistent and pervasive aggressive behaviour in 
children. Psychiatric genetics, 14(3), 143–146. 
de Kloet, E. R., Oitzl, M. S., & Joëls, M. (1999). Stress and cognition: are corti-
costeroids good or bad guys?. Trends in neurosciences, 22(10), 422–426. 
Dingemanse, N. J., Both, C., Drent, P. J., Van Oers, K., & Van Noordwijk, A. J. (2002). 
Repeatability and heritability of exploratory behaviour in great tits from the wild. 
Animal behaviour, 64(6), 929–938. 
Dingemanse, N. J., Both, C., Van Noordwijk, A. J., Rutten, A. L., & Drent, P. J. (2003). 
Natal dispersal and personalities in great tits (Parus major). Proceedings of the royal 
society of London B: Biological sciences, 270(1516), 741–747. 
Dingemanse, N. J., Both, C., Drent, P. J., & Tinbergen, J. M. (2004). Fitness con-
sequences of avian personalities in a fluctuating environment. Proceedings of the 
royal society of London B: Biological sciences, 271(1541), 847. 
Drent, P. J., van Oers, K., & van Noordwijk, A. J. (2003). Realized heritability of 
personalities in the great tit (Parus major). Proceedings of the royal society of 
London B: Biological sciences, 270(1510), 45–51. 
Dulawa, S. C., Grandy, D. K., Low, M. J., Paulus, M. P., & Geyer, M. A. (1999). 
Dopamine D4 receptor-knock-out mice exhibit reduced exploration of novel 
stimuli. Journal of neuroscience, 19(21), 9550–9556. 
Ebstein, R. P., Novick, O., Umansky, R., Priel, B., Osher, Y., Blaine, D., Bennett, E.R., 
Nemanov, L., Katz, M., & Belmaker, R. H. (1996). Dopamine D4 receptor (D4DR) 
exon III polymorphism associated with the human personality trait of novelty 
seeking. Nature genetics, 12(1), 78. 
Edwards, H. A., Hajduk, G. K., Durieux, G., Burke, T., & Dugdale, H. L. (2015). No 
association between personality and candidate gene polymorphisms in a wild bird 
population. PloS One, 10(10), e0138439. 
Eisenberg, D. T., Campbell, B., MacKillop, J., Lum, J. K., & Wilson, D. S. (2007a). 
Season of birth and dopamine receptor gene associations with impulsivity, sensation 
seeking and reproductive behaviors. PLoS One, 2(11), e1216. 
Eisenberg, D. T., Campbell, B., MacKillop, J., Modi, M., Dang, D., Lum, J. K., & 
Wilson, D. S. (2007b). Polymorphisms in the dopamine D4 and D2 receptor genes 
and reproductive and sexual behaviors. Evolutionary psychology, 5(4), 
147470490700500402. 
Elts, J., Kuresoo, A., Leibak, E., Leito, A., Leivits, A., Lilleleht, V., Luigujõe, L., 
Mägi, E., Nellis, R., Nellis, R., & Ots, M. (2009). Eesti lindude staatus, pesitsus-
aegne ja talvine arvukus 2003–2008. Hirundo, 22(1), 3–31. 
Van Erp, A. M., & Miczek, K. A. (2000). Aggressive behavior, increased accumbal 
dopamine, and decreased cortical serotonin in rats. Journal of neuroscience, 20(24), 
9320–9325. 
39 
Fidler, A. E., van Oers, K., Drent, P. J., Kuhn, S., Mueller, J. C., & Kempenaers, B. 
(2007). Drd4 gene polymorphisms are associated with personality variation in a 
passerine bird. Proceedings of the royal society of London B: Biological sciences, 
274(1619), 1685–1691. 
Fiskerstrand, C. E., Lovejoy, E. A., & Quinn, J. P. (1999). An intronic polymorphic 
domain often associated with susceptibility to affective disorders has allele 
dependent differential enhancer activity in embryonic stem cells. FEBS letters, 458(2), 
171–174. 
Flisikowski, K., Schwarzenbacher, H., Wysocki, M., Weigend, S., Preisinger, R., Kjaer, 
J. B., & Fries, R. (2009). Variation in neighbouring genes of the dopaminergic and 
serotonergic systems affects feather pecking behaviour of laying hens. Animal 
genetics, 40(2), 192–199. 
Fontaine, J. J., & Martin, T. E. (2006). Parent birds assess nest predation risk and adjust 
their reproductive strategies. Ecology letters, 9(4), 428–434. 
Gallo, E. F., & Posner, J. (2016). Moving towards causality in attention-deficit hyper-
activity disorder: overview of neural and genetic mechanisms. The Lancet 
psychiatry, 3(6), 555–567. 
Garamszegi, L. Z., Mueller, J. C., Markó, G., Szász, E., Zsebők, S., Herczeg, G., Eens, 
M. & Török, J. (2014). The relationship between DRD4 polymorphisms and 
phenotypic correlations of behaviors in the collared flycatcher. Ecology and 
evolution, 4(8), 1466–1479. 
Gosling, S. D. (2001). From mice to men: what can we learn about personality from 
animal research? Psychological bulletin, 127(1), 45. 
Groothuis, T. G., & Carere, C. (2005). Avian personalities: characterization and 
epigenesis. Neuroscience & biobehavioral reviews, 29(1), 137–150. 
Hariri, A. R., & Holmes, A. (2006). Genetics of emotional regulation: the role of the 
serotonin transporter in neural function. Trends in cognitive sciences, 10(4), 182–
191. 
Hartl, D. L., Clark, A. G. and Clark, A. G. (1997). Principles of Population Genetics, 
Vol. 116. Sunderland: Sinauer Associates. 
Hollander, F. A., Van Overveld, T., Tokka, I., & Matthysen, E. (2008). Personality and 
nest defence in the great tit (Parus major). Ethology, 114(4), 405–412. 
Holmes, A., & Hariri, A. R. (2003). The serotonin transporter gene-linked poly-
morphism and negative emotionality: placing single gene effects in the context of 
genetic background and environment. Genes, brain and behavior, 2(6), 332–335. 
Hejjas, K., Vas, J., Topál, J., Szántai, E., Rónai, Z., Székely, A., Kubinyi, E., Hor-
váth, Z., Sasvari-Szekely, M., & Miklosi, A. (2007). Association of polymorphisms 
in the dopamine D4 receptor gene and the activity-impulsivity endophenotype in 
dogs. Animal genetics, 38(6), 629–633. 
Holmes, A., Murphy, D. L., & Crawley, J. N. (2003). Abnormal behavioral phenotypes 
of serotonin transporter knockout mice: parallels with human anxiety and 
depression. Biological psychiatry, 54(10), 953–959. 
Holtmann, B., Grosser, S., Lagisz, M., Johnson, S. L., Santos, E. S. A., Lara, C. E., 
Robertson, B.C., & Nakagawa, S. (2016). Population differentiation and behavioural 
association of the two ‘personality’genes DRD4 and SERT in dunnocks (Prunella 
modularis). Molecular ecology, 25(3), 706–722.  
Howes, O. D., & Kapur, S. (2009). The dopamine hypothesis of schizophrenia: version 
III – the final common pathway. Schizophrenia bulletin, 35(3), 549–562. 
40 
Hull, E. M., Muschamp, J. W., & Sato, S. (2004). Dopamine and serotonin: influences 
on male sexual behavior. Physiology & behavior, 83(2), 291–307. 
Jaagus, J., Briede, A., Rimkus, E., & Remm, K. (2014). Variability and trends in daily 
minimum and maximum temperatures and in the diurnal temperature range in 
Lithuania, Latvia and Estonia in 1951–2010. Theoretical and applied climatology, 
118(1–2), 57–68. 
Khan, W. I., & Ghia, J. E. (2010). Gut hormones: emerging role in immune activation 
and inflammation. Clinical & experimental immunology, 161(1), 19–27. 
Kim, D. Y., & Camilleri, M. (2000). Serotonin: a mediator of the brain–gut connection. 
The American journal of gastroenterology, 95(10), 2698. 
Knapp, M., Wong, A. H., Schoots, O., Guan, H. C., & Van Tol, H. H. (1998). Promoter-
independent regulation of cell-specific dopamine receptor expression. FEBS Letters, 
434(1–2), 108–114. 
Koosa K. and Tilgar V. 2016 Is hissing behaviour of incubating great tits related to 
reproductive investment in the wild? – Acta ethologica. 19: 173–180 
Korsten, P., Mueller, J. C., Hermannstädter, C., Bouwman, K. M., Dingemanse, N. J., 
Drent, P. J., Liedvogel, M., Matthysen, E., van Oers, K., van Overveld, T., & 
Patrick, S. C. (2010). Association between DRD4 gene polymorphism and 
personality variation in great tits: a test across four wild populations. Molecular 
ecology, 19(4), 832–843. 
Krams, I., Vrublevska, J., Koosa, K., Krama, T., Mierauskas, P., Rantala, M. J., & 
Tilgar, V. (2014). Hissing calls improve survival in incubating female great tits 
(Parus major). Acta ethologica, 17(2), 83–88 
Kudwa, A. E., Dominguez-Salazar, E., Cabrera, D. M., Sibley, D. R., & Rissman, E. F. 
(2005). Dopamine D5 receptor modulates male and female sexual behavior in mice. 
Psychopharmacology, 180(2), 206–214. 
Lawford, B. R., Young, R., Noble, E. P., Kann, B., & Ritchie, T. (2006). The D2 
dopamine receptor (DRD2) gene is associated with co-morbid depression, anxiety 
and social dysfunction in untreated veterans with post-traumatic stress disorder. 
European psychiatry, 21(3), 180–185. 
Lesch, K. P., Meyer, J., Glatz, K., Flügge, G., Hinney, A., Hebebrand, J., Klauck, S.M., 
Poustka, A., Poustka, F., Bengel, D. & Mössner, R. (1997). The 5-HT transporter 
gene-linked polymorphic region (5-HTTLPR) in evolutionary perspective: 
alternative biallelic variation in rhesus monkeys. Journal of neural transmission, 
104(11–12), 1259–1266. 
Lesch, K. P., Bengel, D., Heils, A., Sabol, S. Z., Greenberg, B. D., Petri, S., Benjamin, J., 
Müller, C.R., Hamer, D.H., & Murphy, D. L. (1996). Association of anxiety-related 
traits with a polymorphism in the serotonin transporter gene regulatory region. 
Science, 274(5292), 1527–1531. 
Librado, P., & Rozas, J. (2009). DnaSP v5: a software for comprehensive analysis of 
DNA polymorphism data. Bioinformatics, 25(11), 1451–1452. 
Lind, J., & Cresswell, W. (2005). Determining the fitness consequences of antipredation 
behavior. Behavioral ecology, 16(5), 945–956. 
Livak, K. J., Rogers, J., & Lichter, J. B. (1995). Variability of dopamine D4 receptor 
(DRD4) gene sequence within and among nonhuman primate species. Proceedings 
of the national academy of sciences, 92(2), 427–431. 
Melis, M. R., & Argiolas, A. (1995). Dopamine and sexual behavior. Neuroscience & 
biobehavioral reviews, 19(1), 19–38. 
41 
Momozawa, Y., Takeuchi, Y., Kusunose, R., Kikusui, T., & Mori, Y. (2005). 
Association between equine temperament and polymorphisms in dopamine D4 
receptor gene. Mammalian genome, 16(7), 538–544. 
Montgomerie, R. D., & Weatherhead, P. J. (1988). Risks and rewards of nest defence by 
parent birds. The quarterly review of biology, 63(2), 167–187.  
Munafò, M. R., Yalcin, B., Willis-Owen, S. A., & Flint, J. (2008). Association of the 
dopamine D4 receptor (DRD4) gene and approach-related personality traits: meta-
analysis and new data. Biological psychiatry, 63(2), 197–206. 
Munafò, M. R., Clark, T. G., Moore, L. R., Payne, E., Walton, R., & Flint, J. (2003). 
Genetic polymorphisms and personality in healthy adults: a systematic review and 
meta-analysis. Molecular psychiatry, 8(5), 471. 
Mueller, J. C., Edelaar, P., Carrete, M., Serrano, D., Potti, J., Blas, J., Dingemanse, N.J., 
Kempenaers, B., & Tella, J. L. (2014). Behaviour-related DRD4 polymorphisms in 
invasive bird populations. Molecular ecology, 23(11), 2876–2885. 
Mueller, J. C., Korsten, P., Hermannstaedter, C., Feulner, T., Dingemanse, N. J., 
Matthysen, E., Van Oers, K., Van Overveld, T., Patrick, S.C., Quinn, J.L, & 
Riemenschneider, M. (2013). Haplotype structure, adaptive history and associations 
with exploratory behaviour of the DRD4 gene region in four great tit (Parus major) 
populations. Molecular ecology, 22(10), 2797–2809. 
Murphy, D. L., & Lesch, K. P. (2008). Targeting the murine serotonin transporter: 
insights into human neurobiology. Nature reviews neuroscience, 9(2), 85. 
Murphy, D. L., Lerner, A., Rudnick, G., & Lesch, K. P. (2004). Serotonin transporter: 
gene, genetic disorders, and pharmacogenetics. Molecular interventions, 4(2), 109. 
Neve, K. A., Seamans, J. K., & Trantham-Davidson, H. (2004). Dopamine receptor 
signaling. Journal of receptors and signal transduction, 24(3), 165–205. 
Van Noordwijk, A. J., McCleery, R. H., & Perrins, C. M. (1995). Selection for the 
timing of great tit breeding in relation to caterpillar growth and temperature. Journal 
of animal ecology, 451–458. 
Nordborg, M., & Tavaré, S. (2002). Linkage disequilibrium: what history has to tell 
us. TRENDS in genetics, 18(2), 83–90. 
Oak, J. N., Oldenhof, J., & Van Tol, H. H. (2000). The dopamine D4 receptor: one 
decade of research. European journal of pharmacology, 405(1–3), 303–327. 
Van Oers, K., De Jong, G., Van Noordwijk, A. J., Kempenaers, B., & Drent, P. J. 
(2005). Contribution of genetics to the study of animal personalities: a review of 
case studies. Behaviour, 142(9–10), 1185–1206. 
Van Oers, K., Drent, P. J., De Goede, P., & Van Noordwijk, A. J. (2004). Realized 
heritability and repeatability of risk-taking behaviour in relation to avian perso-
nalities. Proceedings of the royal society of London B: Biological sciences, 
271(1534), 65–73. 
O’Hara, R. B., Kotze, D. J., (2010) Do not log-transform count data. Methods in 
ecology and evolution, 1:118–122 
Padilla, D. K., & Adolph, S. C. (1996). Plastic inducible morphologies are not always 
adaptive: the importance of time delays in a stochastic environment. Evolutionary 
ecology, 10(1), 105–117 
Paterson, A. D., Sunohara, G. A., & Kennedy, J. L. (1999). Dopamine D4 receptor 
gene: novelty or nonsense?. Neuropsychopharmacology, 21(1), 3–16. 
Prasad, P., Ogawa, S., & Parhar, I. S. (2015). Role of serotonin in fish reproduction. 
Frontiers in neuroscience, 9, 195. 
42 
Réale, D., Reader, S. M., Sol, D., McDougall, P. T., & Dingemanse, N. J. (2007). 
Integrating animal temperament within ecology and evolution. Biological reviews, 
82(2), 291–318. 
Reif, A., & Lesch, K. P. (2003). Toward a molecular architecture of personality. 
Behavioural brain research, 139(1–2), 1–20. 
Retz, W., Retz-Junginger, P., Supprian, T., Thome, J., & Rösler, M. (2004). Association 
of serotonin transporter promoter gene polymorphism with violence: relation with 
personality disorders, impulsivity, and childhood ADHD psychopathology. 
Behavioral sciences & the law, 22(3), 415–425. 
Riyahi, S., Björklund, M., Mateos-Gonzalez, F., & Senar, J. C. (2017). Personality and 
urbanization: behavioural traits and DRD4 SNP830 polymorphisms in Great Tits in 
Barcelona city. Journal of ethology, 35(1), 101–108. 
Riyahi, S., Sánchez-Delgado, M., Calafell, F., Monk, D., & Senar, J. C. (2015). 
Combined epigenetic and intraspecific variation of the DRD4 and SERT genes 
influence novelty seeking behavior in great tit Parus major. Epigenetics, 10(6), 516–
525. 
Rodriguez, S., Gaunt, T. R., & Day, I. N. (2009). Hardy-Weinberg equilibrium testing 
of biological ascertainment for Mendelian randomization studies. American journal 
of epidemiology, 169(4), 505–514. 
Rollins, L. A., Whitehead, M. R., Woolnough, A. P., Sinclair, R., & Sherwin, W. B. 
(2015). Is there evidence of selection in the dopamine receptor D4 gene in 
Australian invasive starling populations? Current zoology, 61(3), 505–519.  
Ronai, Z., Barta, C., Guttman, A., Lakatos, K., Gervai, J., Staub, M., & Sasvari-
Szekely, M. (2001). Genotyping the – 521C/T functional polymorphism in the 
promoter region of dopamine D4 receptor (DRD4) gene. Electrophoresis, 22(6), 
1102–1105. 
Rubinstein, M., Phillips, T. J., Bunzow, J. R., Falzone, T. L., Dziewczapolski, G., 
Zhang, G., Fang, Y., Larson, J.L., McDougall, J.A., Chester, J.A., & Saez, C. 
(1997). Mice lacking dopamine D4 receptors are supersensitive to ethanol, cocaine, 
and methamphetamine. Cell, 90(6), 991–1001. 
Sanz, J. J., & Tinbergen, J. M. (1999). Energy expenditure, nestling age, and brood size: 
an experimental study of parental behavior in the Great Tit Parus major. Behavioural 
ecology, 10(5), 598–606. 
Savitz, J. B., & Ramesar, R. S. (2004). Genetic variants implicated in personality: a 
review of the more promising candidates. American journal of medical genetics Part 
B: Neuropsychiatric genetics, 131(1), 20–32. 
Sealfon, S. C., & Olanow, C. W. (2000). Dopamine receptors: from structure to 
behavior. Trends in neurosciences, 23, S34–S40.  
Sih, A., Ferrari, M. C., & Harris, D. J. (2011). Evolution and behavioural responses to 
human-induced rapid environmental change. Evolutionary applications, 4(2), 367–
387. 
Sih, A., Bell, A., & Johnson, J. C. (2004). Behavioral syndromes: an ecological and 
evolutionary overview. Trends in ecology & evolution, 19(7), 372–378. 
Shabalina, S. A., Spiridonov, N. A., & Kashina, A. (2013). Sounds of silence: syno-
nymous nucleotides as a key to biological regulation and complexity. Nucleic acids 
research, 41(4), 2073–2094. 
Sneddon, L. U. (2003). The bold and the shy: individual differences in rainbow trout. 
Journal of fish biology, 62(4), 971–975. 
43 
Szily, E., Bowen, J., Unoka, Z., Simon, L., & Kéri, S. (2008). Emotion appraisal is 
modulated by the genetic polymorphism of the serotonin transporter. Journal of 
neural transmission, 115(6), 819–822. 
Tilgar, V., Mägi, M., Lind, M., Lodjak, J., Moks, K., & Mänd, R. (2016). Acute 
embryonic exposure to corticosterone alters physiology, behaviour and growth in 
nestlings of a wild passerine. Hormones and behavior, 84, 111–120. 
Tilgar, V., & Kikas, K. (2009). Is parental risk taking negatively related to the level of 
brood reduction? An experiment with pied flycatchers. Animal behaviour, 77(1), 43–
47. 
Verbeek, M. E., Drent, P. J., & Wiepkema, P. R. (1994). Consistent individual dif-
ferences in early exploratory behaviour of male great tits. Animal behaviour, 48(5), 
1113–1121. 
Verhulst, E. C., Mateman, A. C., Zwier, M. V., Caro, S. P., Verhoeven, K. J., & Oers, K. 
(2016). Evidence from pyrosequencing indicates that natural variation in animal 
personality is associated with DRD4 DNA methylation. Molecular ecology, 25(8), 
1801–1811. 
Visser, M. E., Van Noordwijk, A. J., Tinbergen, J. M., & Lessells, C. M. (1998). 
Warmer springs lead to mistimed reproduction in great tits (Parus major). Pro-
ceedings of the royal society of London B: Biological sciences, 265(1408), 1867–
1870. 
Wang, E., Ding, Y. C., Flodman, P., Kidd, J. R., Kidd, K. K., Grady, D. L., Ryder, 
O.A., Spence, M.A., Swanson, J.M. & Moyzis, R. K. (2004). The genetic 
architecture of selection at the human dopamine receptor D4 (DRD4) gene 
locus. The American journal of human genetics, 74(5), 931–944. 
Wilson, D. S., Clark, A. B., Coleman, K., & Dearstyne, T. (1994). Shyness and bold-
ness in humans and other animals. Trends in ecology & evolution, 9(11), 442–446. 
Young, L. J., & Wang, Z. (2004). The neurobiology of pair bonding. Nature neuro-
science, 7(10), 1048. 
Zion, I. B., Tessler, R., Cohen, L., Lerer, E., Raz, Y., Bachner-Melman, R., Gritsenko, I., 
Nemanov, L., Zohar, A.H., Belmaker, R.H. & Benjamin, J. (2006). Polymorphisms 
in the dopamine D4 receptor gene (DRD4) contribute to individual differences in 
human sexual behavior: desire, arousal and sexual function. Molecular psychiatry, 
11(8), 782. 
  
44 
ACKNOWLEDGEMENTS 
Throughout this journey of building, incubating and writing this PhD thesis, my 
greatest and sincerest gratitude goes to my supervisor Vallo Tilgar. In ten (10!) 
years we have gone through bogs in the field, statistical analysis, several 
comments of anonymous and non-anonymous reviewers and never-ending 
sentences that often appeared in my thesis. Secondly, Jüri Parik from Estonian 
Biocentre stood steadily on my side while different ideas and problems came up 
during laboratory analysis. Thirdly, writing papers with Marko Mägi, Kaisa 
Telve, Kaarin Koosa and Kees van Oers is just enjoyable and full of 
comprehensive answers for my questions. I also thank you all for the help in the 
field in Estonia and/or in the Netherlands. I would also like to thank Raivo 
Mänd who gave the first push to start with the thesis. Jaanis Lodjak gave 
constructive ideas to improve the thesis and made a map of the study site in 
Kilingi-Nõmme. 
There also are many inspiring people who gave their best to support me 
through times. Your ideas, power and presence saved day more than once. 
Thank you for giving me motivation and self-confidence: Siim Mannas, Sirgi 
Saar, Riina Klais, Madle Timm and Vidrik Ormusson. And all the friends, 
colleagues, family members and readers – I truly appreciate your contribution to 
this research and in future work of mine. Thank you! 
Of course, my fieldwork would have been much less interesting without 
birds. Thank you all, especially individuals from the nest box lines Riitskulli, 
Kaagipõllu and Marana. You taught me a lot. Also, my patience levels were 
tested by several reviewers by giving critical comments and fruithful discussion. 
I might not agree all of that you said, but even this helped to improve my thesis.  
The current research was financially supported by the Estonian Science 
Fund grant ETF8376 and from the Ministry of Science and Education Target-
Financing project no. 01800004 s09, the European Regional Development Fund 
(Centre of Excellence FIBIR) and from the Institutional Research grant no. IUT 
34–8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PUBLICATIONS 
 
  
 CURRICULUM VITAE 
Name:  Killu Timm 
Date of birth:  30.06.1989 
Citizenship:  Estonian 
Current position:  University of Tartu, Faculty of Science and Technology, 
Institute of Ecology and Earth Sciences,  
Department of Zoology, PhD student 
Address:  University of Tartu, Faculty of Science and Technology, 
Institute of Ecology and Earth Sciences,  
Department of Zoology, 46 Vanemuise Street, Tartu,  
51014 Estonia 
E-mail:  killu@ut.ee 
 
Education: 
2013–2018  University of Tartu, PhD Zoology and Hydrobiology 
2015 (June)  Netherlands Institute of Ecology (NIOO-KNAW), practical 
course in Ecology and laboratory analysis 
2011–2013  University of Tartu, MSc Biology 
2011–2012  University of South Bohemia České Budějovice, MSc 
Ecology course 
2008–2011  University of Tartu, BSc Biology 
1996–2008  Rannu Secondary School 
 
Research interests: Animal Behavioural Ecology and Genetics 
 
List of publications: 
I  Timm, K., Tilgar, V., Saag, P. (2015). DRD4 gene polymorphism in great 
tits: gender-specific association with behavioural variation in the wild. 
Behavioral ecology and sociobiology, 69 (5), 729–735. 
II  Timm, K., van Oers, K., Tilgar, V. (2018). SERT gene polymorphisms are 
associated with risk-taking behaviour and breeding parameters in wild 
great tits. Journal of experimental biology, 221, 1–7.10.1242/jeb.171595.  
III  Timm, K., Mägi, M., Telve, K., Tilgar, V. (2018). The behavioural 
response of Great Tits to novel environment and handling is affected by the 
DRD4 gene. Ibis, 00–00.10.1111/ibi.12604. 
IV  Timm, K., Tilgar, V., Koosa, K. The serotonin transporter gene could play 
a role in anti-predator behaviour in a forest passerine. Manuscript 
 
Conference presentations: 
NEPM (Nordic Evolutionary Psychology Meeting), Tartu 2013 (Estonia), 
poster presentation: Polymorphism in dopamine D4 receptor gene associates 
with personality variation in wild great tits (Parus major).  
96
 ISBE (The International Society for Behavioural Ecology), New York 2014 
(USA), talk: DRD4 gene polymorphism in great tits: a gender-specific 
association with behavioural variation in the wild.  
Workshop „Fear, Individuals and Populations“ Jyväskylä 2015 (Finland), 
talk: Polymorphism in dopamine D4 receptor gene associates with perso-
nality variation in wild great tits (Parus major).  
Behaviour, Estoril 2017 (Portugal), talk: The polymorphism in serotonin 
transporter gene is related to anti-predator behaviour in a forest passerine: a 
candidate gene approach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
97
 ELULOOKIRJELDUS 
Nimi:  Killu Timm 
Sünniaeg:  30.06.1989 
Kodakondsus:  eesti 
Töökoht:  Tartu Ülikool, Loodus- ja täppisteaduste valdkond,  
Ökoloogia ja Maateaduste Instituut, Zooloogia osakond, 
doktorant 
Kontakt:  Tartu Ülikool, Loodus- ja täppisteaduste valdkond,  
Ökoloogia ja Maateaduste Instituut, Zooloogia osakond, 
Vanemuise 46, Tartu, 51014 Eesti 
E-mail:  killu@ut.ee 
 
Hariduskäik: 
2013– 2018  Tartu Ülikool, PhD Zooloogia ja Hüdrobioloogia 
2015 (juuni)  Hollandi Ökoloogiainstituut (NIOO-KNAW), praktiline kursus 
Ökoloogias ja laboratoorne analüüs 
2011–2013  Tartu Ülikool, MSc Bioloogia 
2011–2012  Lõuna-Tšehhi Ülikool České Budějovices, MSc Ökoloogia  
2008–2011  Tartu Ülikool, BSc Bioloogia 
1996–2008  Rannu Keskkool 
 
Peamised uurmisvaldkonnad: loomade käitumisökoloogia ja geneetika 
 
Publikatsioonid: 
I  Timm, K., Tilgar, V., Saag, P. (2015). DRD4 gene polymorphism in great 
tits: gender-specific association with behavioural variation in the wild. 
Behavioral ecology and sociobiology, 69 (5), 729–735. 
II  Timm, K., van Oers, K., Tilgar, V. (2018). SERT gene polymorphisms are 
associated with risk-taking behaviour and breeding parameters in wild great 
tits. Journal of experimental biology, 221, 1–7.10.1242/jeb.171595.  
III  Timm, K., Mägi, M., Telve, K., Tilgar, V. (2018). The behavioural 
response of Great Tits to novel environment and handling is affected by the 
DRD4 gene. Ibis, 00–00.10.1111/ibi.12604. 
IV  Timm, K., Tilgar, V., Koosa, K. The serotonin transporter gene could play 
a role in anti-predator behaviour in a forest passerine. Käsikiri 
 
Konverentsiettekanded: 
NEPM (Nordic Evolutionary Psychology Meeting), Tartu 2013 (Eesti), 
posterettekanne: Polymorphism in dopamine D4 receptor gene associates 
with personality variation in wild great tits (Parus major).  
ISBE (The International Society for Behavioural Ecology), New York 2014 
(USA), suuline ettekanne: DRD4 gene polymorphism in great tits: a gender-
specific association with behavioural variation in the wild.  
98
Fear, Individuals and Populations, Jyväskylä 2015 (Soome), suuline ette-
kanne: Polymorphism in dopamine D4 receptor gene associates with 
personality variation in wild great tits (Parus major).  
Behaviour, Estoril 2017 (Portugal), suuline ettekanne: The polymorphism in 
serotonin transporter gene is related to anti-predator behaviour in a forest 
passerine: a candidate gene approach. 
99 
100 
DISSERTATIONES BIOLOGICAE 
UNIVERSITATIS TARTUENSIS 
 
  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion trans-
port and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-
toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transpos-
able elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 
strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 
Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 
  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 
  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli 
ribosome. Tartu, 1993, 68 p. 
  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-
rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 
11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 
12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 
13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  
13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 
14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 
transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 
framework and its application in the population study of the great tit 
(Parus major). Tartu, 1995, 118 p. 
17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 
18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 
19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody 
taxa. Tartu, 1996, 150 p. 
101 
20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 
21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 
22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor 
transcription factors in neurogenesis. Tartu, 1996, 109 p. 
23. Maido Remm. Human papillomavirus type 18: replication, transforma-
tion and gene expression. Tartu, 1997, 117 p. 
24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 
25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 
26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 
27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: 
distribution, morphology and taxonomy. Tartu, 1997, 186 p. 
28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 
29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 
30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 
31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of 
Riga ecosystem. Tartu, 1997, 138 p. 
32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 
33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 
34. Andres Saag. Evolutionary relationships in some cetrarioid genera 
(Lichenized Ascomycota). Tartu, 1998, 196 p. 
35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36.  Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 
eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis 
on the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 
38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-
tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  
39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 
40. Arnold Kristjuhan. Studies on transcriptional activator properties of 
tumor suppressor protein p53. Tartu, 1998, 86 p. 
41.  Sulev Ingerpuu. Characterization of some human myeloid cell surface 
and nuclear differentiation antigens. Tartu, 1998, 163 p. 
102 
42.  Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 
43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied 
genera (Hypocreales, Ascomycota). Tartu, 1998, 178 p. 
44. Markus Vetemaa. Reproduction parameters of fish as indicators in en-
vironmental monitoring. Tartu, 1998, 117 p. 
45. Heli Talvik. Prepatent periods and species composition of different Oeso-
phagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 
46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 
47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 
48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 
49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 
50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 
51.  Sulev Kõks. Cholecystokinin (CCK) – induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
serotonin. Tartu, 1999, 123 p. 
52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 
53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 
54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 
55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 
56.  Ana Rebane. Mammalian ribosomal protein S3a genes and intron-
encoded small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 
57.  Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-
lational strategies. Tartu, 2000, 101 p. 
58. Reet Kurg. Structure-function relationship of the bovine papilloma virus 
E2 protein. Tartu, 2000, 89 p. 
59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 
60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. 
Tartu, 2000, 88 p. 
61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu, 2000, 106 p. 
103 
62. Kai Vellak. Influence of different factors on the diversity of the bryo-
phyte vegetation in forest and wooded meadow communities. Tartu, 2000, 
122 p. 
63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu, 2000, 160 p. 
64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the 
inner sea the West-Estonian archipelago. Tartu, 2000, 139 p. 
65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 
66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000, 96 p. 
67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu, 
2001, 111 p. 
68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu, 2001, 122 p. 
69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu, 2001, 80 p. 
70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu, 2001, 112 p. 
71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002, 126 p. 
72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in Pseudo-
monas putida. Tartu, 2002, 108 p. 
73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. 
Tartu, 2002, 74 p. 
74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance 
of six temperate deciduous tree species. Tartu, 2002, 110 p. 
75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002, 
112 p. 
76. Neeme Tõnisson. Mutation detection by primer extension on oligonucleo-
tide microarrays. Tartu, 2002, 124 p. 
77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p. 
78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003, 168 p. 
79. Viljar Jaks. p53 – a switch in cellular circuit. Tartu, 2003, 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 
cassette (ABC) transporters. Tartu, 2003, 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation 
to productivity. Tartu, 2003, 159 p 
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 
papillomavirus type 1. Tartu, 2003, 89 p.  
104 
83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 
2003, 109 p. 
84.  Ivika Ostonen. Fine root structure, dynamics and proportion in net pri-
mary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003, 158 p. 
85.  Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003, 199 p. 
86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted eagle 
A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004, 159 p.  
87.  Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p. 
88.  Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p. 
89.  Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 
feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p. 
90.  Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 
perennial plants and their effect on plant performance. Tartu, 2004, 175 p.  
91.  Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p. 
92.  Kristiina Tambets. Towards the understanding of post-glacial spread of 
human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004, 163 p. 
93.  Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004, 
103 p. 
94.  Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004, 103 p. 
95.  Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004, 128 p. 
96.  Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004, 105 p. 
97.  Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004, 130 p.  
98.  Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004, 103 p. 
99. Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus, 
Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p. 
100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004, 111 p. 
101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004, 144 p.  
102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004, 142 p. 
103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  
105 
104. Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p. 
105. Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005, 100 p. 
106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005, 162 p. 
107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005, 
162 p.  
108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005, 156 p. 
109. Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005, 121 p. 
110. Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005, 112 p.  
111. Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005, 103 p.  
112. Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005, 112 p.  
113. Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005, 106 p.  
114. Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005, 138 p.  
115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006, 124 p. 
116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006, 126 p. 
117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006, 120 p. 
118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p. 
119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006, 90 p. 
120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006, 94 p. 
121. Toomas Esperk. Larval instar as a key element of insect growth sche-
dules. Tartu, 2006, 186 p.  
122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p. 
123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida albi-
cans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 
124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007, 
123 p.  
106 
125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.  
126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007, 89 p.  
127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community struc-
ture in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.  
128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007, 135 p.  
129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007, 109 p.  
130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007, 79 p. 
131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007, 171 p. 
132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007, 112 p. 
133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007, 172 p. 
134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007, 96 p.  
135. Priit Kilgas. Blood parameters as indicators of physiological condition 
and skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007, 129 p.  
136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007, 95 p.  
137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008, 
128 p. 
138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008, 125 p. 
139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008, 99 p. 
140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008, 133 p. 
141. Reidar Andreson. Methods and software for predicting PCR failure rate 
in large genomes. Tartu, 2008, 105 p.  
142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p. 
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 
Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 
190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 
inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 
107 
146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 
147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 
148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 
149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 
150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 
151. Janne Pullat. Design, functionlization and application of an in situ synthe-
sized oligonucleotide microarray. Tartu, 2008, 108 p. 
152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  
153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 
154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  
155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 
156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 
157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 
158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 
159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 
160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 
161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 
162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 
163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 
164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  
108 
165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 
166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 
167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 
168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 
169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 
170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 
171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 
172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 
173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 
174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 
175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  
176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 
177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 
178. Egle Köster. Morphological and genetical variation within species comp-
lexes: Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 
101 p. 
179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  
180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 
181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 
182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 
183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  
184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 
109 
185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 
186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 
187. Virve Sõber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p. 
188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 
189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 
190. Helen Tammert. Ecological role of physiological and phylogenetic diver-
sity in aquatic bacterial communities. Tartu, 2010, 140 p. 
191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 
192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 
193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 
194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 
195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 
196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 
197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  
198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 
199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 
200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 
201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 
202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 
203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  
110 
205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   
206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  
207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 
208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 
209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 
210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 
211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 
212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-
strate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 
213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 
214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 
215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 
216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 
217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 
218.  Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-
ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 
amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 
221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 
222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 
223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization pro-
ducts. Tartu, 2012, 160 p. 
111 
224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 
225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 
226. Timo Arula. Ecology of early life-history stages of herring Clupea haren-
gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 
227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 
228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  
229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 
230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 
231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 
232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 
of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  
234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-
sia. Tartu, 2013, 142 p.  
235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 
236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 
237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 
238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   
239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 
three groups of ascomycetes. Tartu, 2013, 136 p.  
240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.  
241. Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p. 
242. Lauris Kaplinski. The application of oligonucleotide hybridization model 
for PCR and microarray optimization. Tartu, 2013, 103 p. 
243. Merli Pärnoja. Patterns of macrophyte distribution and productivity in 
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 
244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 
112 
245. Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 
remote assessment and physiological determinants. Tartu, 2013, 128 p.  
246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 
biochemical and psychopharmacological characterization. Tartu, 2013,  
144 p.  
247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,  
115 p. 
248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 
community structure and diversity. Tartu, 2013, 102 p. 
249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. 
Tartu, 2013, 151 p.  
250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.  
251.  Eneli Oitmaa. Development of arrayed primer extension microarray 
assays for molecular diagnostic applications. Tartu, 2013, 147 p. 
252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 
121 p. 
253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 
and exceptions. Tartu, 2014, 132 p.  
254. Randel Kreitsberg. Using biomarkers in assessment of environmental 
contamination in fish – new perspectives. Tartu, 2014, 107 p.  
255. Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 
256. Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 
pregnancy loss. Tartu, 2014, 211 p.  
257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 
extracted peatlands in Estonia. Tartu, 2014, 133 p. 
258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 
(Hymenoptera: Chrysididae) with emphasis on the northern European 
fauna. Tartu, 2014, 211 p. 
259. Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host 
Cells. Tartu, 2014, 207 p. 
260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014, 
135 p.  
261. Marju Männiste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014, 
121 p. 
262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf photo-
synthetic parameters in Populus tremuloides: diurnal, seasonal and inter-
annual patterns. Tartu, 2014, 115 p. 
113 
263. Külli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.  
264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: Esto-
nian experience. Tartu, 2014, 152 p.  
265. Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 
and the conservation value of rural manor parks. Tartu, 2014, 111 p. 
266. Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 
2014, 167 p.  
267. Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 
demographic processes in South Asian populations. Tartu, 2014, 160 p. 
268.  Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p. 
269. Liina Remm. Impacts of forest drainage on biodiversity and habitat qua-
lity: implications for sustainable management and conservation. Tartu, 
2015, 126 p.  
270. Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus. 
Tartu, 2015, 106 p. 
271. Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning 
habitat preferences and age of freshwater fishes inhabiting the Baltic Sea. 
Tartu, 2015, 137 p. 
272. Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hyme-
noptera, Ichneumonidae). Tartu, 2015, 247 p. 
273. Martin Pook. Studies on artificial and extracellular matrix protein-rich 
surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p. 
274. Mai Kukumägi. Factors affecting soil respiration and its components in 
silver birch and Norway spruce stands. Tartu, 2015, 155 p. 
275. Helen Karu. Development of ecosystems under human activity in the 
North-East Estonian industrial region: forests on post-mining sites and 
bogs. Tartu, 2015, 152 p. 
276. Hedi Peterson. Exploiting high-throughput data for establishing relation-
ships between genes. Tartu, 2015, 186 p. 
277.  Priit Adler. Analysis and visualisation of large scale microarray data, 
Tartu, 2015, 126 p.  
278.  Aigar Niglas. Effects of environmental factors on gas exchange in deci-
duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015, 
152 p.  
279. Silja Laht. Classification and identification of conopeptides using profile 
hidden Markov models and position-specific scoring matrices. Tartu, 2015, 
100 p. 
280.  Martin Kesler. Biological characteristics and restoration of Atlantic 
salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu, 
2015, 97 p. 
281. Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-
tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu, 
2015, 205 p 
114 
282.  Priit Palta. Computational methods for DNA copy number detection. 
Tartu, 2015, 130 p.  
283. Julia Sidorenko. Combating DNA damage and maintenance of genome 
integrity in pseudomonads. Tartu, 2015, 174  p.  
284.  Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal 
waters: distribution and environmental preferences. Tartu, 2015, 97 p. 
285. Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu, 
2015, 171 p. 
286. Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-
costerone with Nestling Growth and Fledging Success in Wild Passerines. 
Tartu, 2016, 113 p.  
287.  Ann Kraut. Conservation of Wood-Inhabiting Biodiversity – Semi-Natural 
Forests as an Opportunity. Tartu, 2016, 141 p. 
288. Tiit Örd. Functions and regulation of the mammalian pseudokinase TRIB3. 
Tartu, 2016, 182. p. 
289. Kairi Käiro. Biological Quality According to Macroinvertebrates in 
Streams of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced 
Hydromorphological Changes. Tartu, 2016, 126 p. 
290.  Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites 
in Estonian canids. Tartu, 2016, 144 p. 
291. Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid 
nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p. 
292. Kadri Runnel. Fungal targets and tools for forest conservation. Tartu, 
2016, 157 p.  
293. Urmo Võsa. MicroRNAs in disease and health: aberrant regulation in lung 
cancer and association with genomic variation. Tartu, 2016, 163 p.  
294.  Kristina Mäemets-Allas. Studies on cell growth promoting AKT signa-
ling pathway – a promising anti-cancer drug target. Tartu, 2016, 146 p. 
295. Janeli Viil. Studies on cellular and molecular mechanisms that drive 
normal and regenerative processes in the liver and pathological processes 
in Dupuytren’s contracture. Tartu, 2016, 175 p. 
296. Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L. 
and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p. 
297. Kadri Peil. RNA polymerase II-dependent transcription elongation in 
Saccharomyces cerevisiae. Tartu, 2016, 113 p.  
298. Katrin Ruisu. The role of RIC8A in mouse development and its function 
in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016, 
129 p.   
299. Janely Pae. Translocation of cell-penetrating peptides across biological 
membranes and interactions with plasma membrane constituents. Tartu, 
2016, 126 p.   
300. Argo Ronk. Plant diversity patterns across Europe: observed and dark 
diversity. Tartu, 2016, 153 p. 
115 
301. Kristiina Mark. Diversification and species delimitation of lichenized 
fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu, 
2016, 181 p. 
302. Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows: 
influence of mowing and sediment application. Tartu, 2016, 140 p. 
303. Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas 
putida: regulation and role in stress tolerance. Tartu, 2016, 154 p. 
304. Kadri Pärtel. Application of ultrastructural and molecular data in the 
taxonomy of helotialean fungi. Tartu, 2016, 183 p. 
305. Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and 
Europe: genetic diversity, population structure and -processes, and hybridi-
zation between wolves and dogs. Tartu, 2016, 121 p. 
306. Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of 
plants and lichens: from communities to genetic diversity. Tartu, 2016,  
126 p. 
307.  Liina Pajusalu. The effect of CO2 enrichment on net photosynthesis of 
macrophytes in a brackish water environment. Tartu, 2016, 126 p.  
308. Stoyan Tankov. Random walks in the stringent response. Tartu, 2016,  
94 p. 
309.  Liis Leitsalu. Communicating genomic research results to population-
based biobank participants. Tartu, 2016, 158 p. 
310. Richard Meitern. Redox physiology of wild birds: validation and appli-
cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p. 
311. Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy 
human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p. 
312. Mihhail Kurašin. Processivity of cellulases and chitinases. Tartu, 2017, 
132 p. 
313. Carmen Tali. Scavenger receptors as a target for nucleic acid delivery 
with peptide vectors. Tartu, 2017, 155 p. 
314. Katarina Oganjan. Distribution, feeding and habitat of benthic sus-
pension feeders in a shallow coastal sea. Tartu, 2017, 132 p. 
315.  Taavi Paal. Immigration limitation of forest plants into wooded landscape 
corridors. Tartu, 2017, 145 p.  
316. Kadri Õunap. The Williams-Beuren syndrome chromosome region protein 
WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p. 
317.  Riin Tamm. In-depth analysis of factors affecting variability in thiopurine 
methyltransferase activity. Tartu, 2017, 170 p. 
318.  Keiu Kask. The role of RIC8A in the development and regulation of mouse 
nervous system. Tartu, 2017, 184 p. 
319.  Tiia Möller.  Mapping and modelling of the spatial distribution of benthic 
macrovegetation in the NE Baltic Sea with a special focus on the eelgrass 
Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p. 
320. Silva Kasela. Genetic regulation of gene expression: detection of tissue- 
and cell type-specific effects. Tartu, 2017, 150 p. 
116 
321. Karmen Süld. Food habits, parasites and space use of the raccoon dog 
Nyctereutes procyonoides: the role of an alien species as a predator and 
vector of zoonotic diseases in Estonia. Tartu, 2017, p. 
322. Ragne Oja. Consequences of supplementary feeding of wild boar – concern 
for ground-nesting birds and endoparasite infection. Tartu, 2017, 141 p. 
323. Riin Kont. The acquisition of cellulose chain by a processive cellobio-
hydrolase. Tartu, 2017, 117 p. 
324. Liis Kasari. Plant diversity of semi-natural grasslands: drivers, current 
status and conservation challenges. Tartu, 2017, 141 p. 
325. Sirgi Saar. Belowground interactions: the roles of plant genetic related-
ness, root exudation and soil legacies. Tartu, 2017, 113 p. 
326. Sten Anslan. Molecular identification of Collembola and their fungal 
associates. Tartu, 2017, 125 p. 
327. Imre Taal. Causes of variation in littoral fish communities of the Eastern 
Baltic Sea: from community structure to individual life histories. Tartu, 
2017, 118 p. 
328. Jürgen Jalak. Dissecting the Mechanism of Enzymatic Degradation of 
Cellulose Using Low Molecular Weight Model Substrates. Tartu, 2017,  
137 p. 
329.  Kairi Kiik. Reproduction and behaviour of the endangered European mink 
(Mustela lutreola) in captivity. Tartu, 2018, 112 p. 
330. Ivan Kuprijanov. Habitat use and trophic interactions of native and 
invasive predatory macroinvertebrates in the northern Baltic Sea. Tartu, 
2018,  117 p. 
331.  Hendrik Meister. Evolutionary ecology of insect growth: from geo-
graphic patterns to biochemical trade-offs. Tartu, 2018, 147 p. 
332.  Ilja Gaidutšik. Irc3 is a mitochondrial branch migration enzyme in 
Saccharomyces cerevisiae. Tartu, 2018, 161 p. 
333. Lena Neuenkamp. The dynamics of plant and arbuscular mycorrhizal 
fungal communities in grasslands under changing land use. Tartu, 2018, 
241 p. 
334. Laura Kasak. Genome structural variation modulating the placenta and 
pregnancy maintenance. Tartu, 2018, 181 p. 
335.  Kersti Riibak. Importance of dispersal limitation in determining dark 
diversity of plants across spatial scales. Tartu, 2018, 133 p. 
336.  Liina Saar. Dynamics of grassland plant diversity in changing landscapes. 
Tartu, 2018,  206 p. 
337.  Hanna Ainelo. Fis regulates Pseudomonas putida biofilm formation by 
controlling the expression of lapA. Tartu, 2018, 143 p. 
338.  Natalia Pervjakova. Genomic imprinting in complex traits. Tartu, 2018, 
176 p. 
339. Andrio Lahesaare. The role of global regulator Fis in regulating the 
expression of lapF and the hydrophobicity of soil bacterium Pseudomonas 
putida. Tartu, 2018, 124 p. 
 
340. Märt Roosaare. K-mer based methods for the identification of bacteria 
and plasmids. Tartu, 2018, 117 p. 
341. Maria Abakumova. The relationship between competitive behaviour and 
the frequency and identity of neighbours in temperate grassland plants. 
Tartu, 2018, 104 p. 
342. Margus Vilbas. Biotic interactions affecting habitat use of myrmecophi-
lous butterflies in Northern Europe. Tartu, 2018, 142 p. 
343. Liina Kinkar. Global patterns of genetic diversity and phylogeography of 
Echinococcus granulosus sensu stricto – a tapeworm species of significant 
public health concern. Tartu, 2018, 147 p. 
344.  Teivi Laurimäe. Taxonomy and genetic diversity of zoonotic tapeworms 
in the species complex of Echinococcus granulosus sensu lato. Tartu, 
2018, 143 p. 
345.  Tatjana Jatsenko. Role of translesion DNA polymerases in mutagenesis 
and DNA damage tolerance in Pseudomonads. Tartu, 2018, 216 p. 
346. Katrin Viigand. Utilization of α-glucosidic sugars by Ogataea (Han-
senula) polymorpha. Tartu, 2018, 148 p. 
347. Andres Ainelo. Physiological effects of the Pseudomonas putida toxin 
grat. Tartu, 2018, 146 p. 
